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OBSERVATIONS ON THE ORIGIN AND STATUS OF 
THE SO-CALLED "TRANSITIONAL” WHITE 

BLOOD CELL'!' 

/ 

FRANK A EVANS, MD 

Resident Medical House Officer The Johns Hopkins Hospital 

BALTIMORE 

Probably the status of no white cell of the blood is so uncertain 
as that of the so-called transitional cell The original hypothesis of 
Ehrlich^ that this cell was a transition form between the large mono- 
nuclear and the polymorphonuclear has long since been discarded, 
although Sahli^ still adheres to the view that it is an intermediate 
stage between the myelocyte and the polymorphonuclear neutrophil 
By many (Ehrlich,^ Emerson, Webster and Simon, in the latest editions 
of their text-books) it is believed to be a senile form of the large 
mononuclear Pappenheim and Naegeli refute the hypothesis that this 
cell IS a tiansitional foim between the laige mononuclear and the 
true polymorphonuclear neutrophil, the former regarding it as a pro- 
myelocyte m his scheme of blood-cell origin, while Naegeli, after first 
desciibing it as related to the myeloblast^ concludes that, together with 
the other mononuclears, exclusive; of course, of those of known origin 
such as the large lymphocyte, it forms an independent cell type of 
myeloid origin ° As an independent cell type it has also been assigned 
to the lymphoid system, as coming (1) from the ‘'Keimsentrumzellen’' 
(Weidenreich, Pappenheim m his earlier studies, et al )® and (2) 
from the spleen-pulp and marrow-cord cells of the lymph nodes 

* Submitted for publication Aug 25, 1915 

■^From the Medical Clinic of The Johns Hopkins Hospital 

1 Ehrlich, P Farbenanalytische Untersuchungen zur Histologie und Klinik 
des Blutes, p 126, Berlin, 1891, A Hirschwald 

2 Sahli, H Lehrbuch der Klimschen-Untersuchungs-Methoden, p 894, 
Ed 5, Leipzig and Vienna, 1909, Franz Deuticke 

3 Ehrlich, P , and Lazarus, A Anemia, Nothnagel’s Practice of Medicine, 
Am Ed , 1905, viii, 66 

4 Naegeli, O Anaemia, Lazarus, A , and Naegeli, O , p 95, Ed 2, New 
York, 1910, Rebman & Co 

5 Naegeli, O Blutkrankheiten und Blutdiagnostik, p 186, Leipzig, 1912 

Veit & Co ^ ^ 

6 Quoted by Naegeli, Note 5 
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(Meyer-Heineke, Gruber, Turk) “ It has also been considered an 
adventitia cell (Sternberg)*’ and of endothelial origin (Marchaid,*’ 
Mallor}-," Adami and McCiae*^) , and Warfield” is so convinced of such 
an origin for the cell that he suggests the name cndothehocyte 
Bunting,^” recently asserting that it docs not come from the endothelium 
lining lymph spaces, maintains that he has adduced jiroof of its origin 
in the germinal centers of the lymph glands Cabot” speaks mdch- 
nitely of all large mononuclears as arising, some from the bone marrow 
and others from the endothelium, and Turk^” in his latest expression 
of opinion agrees with Naegeli that the laige mononuclear leukocyte 
IS of myeloid origin It is with the hope of shedding some light on 
this obscure subject that the following observations, concerning an 
unusual tiansitional cell reaction aftei the administration of salvarsan, 
are reported 

CASE EEPORT 

History — S W (Gent No 100573) East Indian, aged 29, was admitted to 
The Johns Hopkins Hospital, Feb 5, 1915, complaining of shortness of breath 

His past history w'as of no importance, except that he denied lues but 
admitted a gonorrheal infection eight months prcMonsly wdiich was followed 
by a swelling of the testicles for a short time 

The present illness began about six weeks before admission, with shortness 
of breath on ordinal v exertion, this had persisted without any increase m 
intensity and was the onl\ symptom of which the patient complained 

Exammation — The physical examination on admission show'cd a blotcln, 
mahogany-colored pigmentation over the arms, legs, body and back, greatly 
lesemblmg a healing secondaiy luetic rash The axillary and cpitrochlear 
glands were palpable, but small and soft The heart was enlarged the point of 
maximum impulse being best seen outside the nipple line, and the left border 
of lelative cardiac dulness lying 2 cm outside this line There was a soft 
to-and-fro murmur over the apex, the systolic being softly transmitted to the 
axilla, and a to-and-fro murmur at the base, the diastolic w'ell transmitted down 
the left sternal margin Retroinanubnal dulness w'as 8 cm wnde The pulse 
w^as collapsing m quality There was no arterial thickening Lner dulness 
reached the costal margin m the midclavieular line The spleen was not p.il- 
pable and the area of splenic dulness was not enlarged There w’as a typical 
scar of a chancre on the dorsal prepuce, and the lower pole of the left epididimis 
was enlarged The eyegiounds were negatne Massage of the prostate pro- 
duced a few drops of cloudy material m wdiicli no gram-negatne cocci could 
be demonstrated His temperature w'as 97 8, pulse SO, respiiations 24, blood 
pressure 110/75 (Tveos) 


7 Mallory, F B Pathologic Histology, Ed 2, p 23 

8 Adcimi and McCrae Textbook of Pathology', Ed 2, p 446, Philadelphia 
1914, Lea & Febiger 

9 Warfield, L M The Normal Differential Leukocyte Count, Jour Am 
Med Assn , 1915, Ixiv, 1296 

10 Bunting, C H The Blood-Picture in Hodgkin’s Disease, Bull Johns 
Hopkins Hosp, 1911, xxii, 369, 1914, xxv, 173 

11 Cabot, R C The General Pathology of the Blood-Forming Organs, 
klodern Med , Osier and McCrae iv, 610 

12 Turk, W Vorlesungen uber klimsche Haematologie, Part 2, p 143, 
Vienna and Leipzig, 1912 Wilhelm Braumuller 
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Blood E.\aminatwn — Fresh blood, normal in appearance Red blood cells, 
4,720,000, white blood cells, 9,000, hemoglobin 101 pei cent (Sahh) 

Differential Pob'inorphonuclear neutrophils, 61 8 per cent , polymorpho- 
nuclear eosinophils, 025 per cent , polymorphonuclear basophils, 025 per cent , 
lymphocytes, 28 6 per cent , large mononuclears, 8 4 per cent , transitionals, 
0 8 per cent 

Urine Light color, turbid, specific gravity 1012, acid, no sugar, faint 
trace of albumin , a few hyaline casts and pus cells 
Stool negative 

Impression on Admission Luetic aortitis with aortic regurgitation, moder- 
ate hypertrophy of the heart 

February 5 Mercurial ointment, 1 dr , as inunction, q n , and potassium 
lodid, gis XV, t 1 d, begun 

February 9 Wassermann test positive 

Febiuary 10 Mercurial ointment, 1 dr, as inunction, q n discontinued 
Salvarsan, 0 3 gm , in freshly distilled water administered intravenously, no 
reaction 

February 15 Salvarsan, 0 45 gm , in freshly distilled water administered 
intravenously Six hours after administiation the patient’s temperature began 
to rise reaching 104 in a few hours, he had a severe chill and then general 
malaise for four or five hours Except for a pronounced tachycardia, there was 
no focal reaction of the aorta made out, and there were no anginal attacks 
February 16 Condition at the end of twenty-four hours about the same 
Potassium lodid discontinued Blood count red blood cells, 5,144,000, white 
blood cells, 7,840, hemoglobin 91 per cent (Sahh) 

February 17 — Daily examination of urine showed a specific gravity of from 
1 oil to 1 027, a constant slight trace of albumin, and except on day of admis- 
sion there was no casts noted 

Roentgen Ray Report Aorta dilated and heart enlarged 
February 18 Diffuse scarlatiniform rash noted over face and body 
February 19 Muscles of legs tender to lightest palpation Urine decreased 
in amount, albumin more abundant and many granular casts present Blood 
total non-protein nitrogen, 44 rag , urea nitrogen, 27 mg , Ambard’s con- 
stant, 0 22 

February 20 Legs still tender, now swollen There was, however, no other 
evidence of thiombosis Temperatuie falling 

February 22 Temperature normal Phenolsulphonephthalein excretion 
after V/z hours, 34 per cent , aftei 2Vz hours, 35 pei cent , total for the four 
hours, 69 per cent 

February 26 Lower extiemities showed very little tenderness and no 
swelling Sclerae definitely jaundiced Liver edge about 3 cm below costal 
margin in the right midclavicular line Spleen not palpated and area of splenic 
dulness not enlarged Red blood cells 5,600,000, hemoglobin 85 per cent (Sahh) 
March 2 Temperature rose to 102 on the previous evening, and remained 
at this point Patient quite deeply jaundiced and liver edge 6 cm below the 
costal margin in the right midclavicular line Left lower leg slightly swollen , 
showed increased resistance to palpation over belly of tibialis anticus and 
extensor hallucis longus muscles, and there was marked limitation of dorso- 
flexion of the great toe 

From February 19 the urine varied in specific gravity from 1 006 to 1 019, 
the quantity of albumin and the number of casts decreased and there was no 
blood Bile had been present constantly since February 21 

Blood Total nonprotein nitrogen, 20 mg , urea nitrogen, 10 mg 
March 3 Jaundice still quite marked One slight epistaxis on this date 
March 7 Some oozing of blood from gums noted Spleen still not enlarged. 
Red blood cells, 3,705,000, hemoglobin, 80 per cent (Sahh) 
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March 8 Temperature, after running a remittent course since March 2, 
reached normal Precordial pain complained of and pericardial friction made 
out Stool colorless, showing much fatty acid and fat, gave negative test for 
bile 

March 16 Signs of effusion in pericardial and both pleural cavities made 
out Pericardial friction not noticed since March 15 Roentgen ray report 
of chest Huge triangular heart shadow, probably pericardial effusion 

March 18 Stool gave positive test for bile No discomfort complained of, 
but pleural and pericardial effusions piesent, though not so extensive as previ- 
ously noted Urine still showed albumin, a few granular casts and bile 

April 9 Temperature normal and patient feeling very A\ell Still deeply 
jaundiced and looking quite weak There were no signs of pericardial or pleural 
effusion The neart was enlarged, relative cardiac diilness extending 3 cm to 
the right of mid-sternal line, and to the left as far as the anterior axillary line 
The murmurs weie practically the same as noted on admission Retromanubnal 
dulness 10 cm wide at level of first intercostal space Liver edge V /2 cm below 
costal margin m right mid-clavicular line Spleen not palpated and area of 
splenic dulness not enlarged There was no edema, tenderness or paralysis 
of the lower extremities Urine still showed a trace of albumin and a few 
granular casts The blood pressure during the patient’s stay in the hospital 
varied between 110 and 125 systolic Patient insisted on leaving the hospital, 
and w'as dischaiged against advice 

May 30 Returned to the dispensary to be treated for the jaundice, which 
still persisted to a slight degree Had been w'orking and felt quite w'ell 

In addition to the findings above noted the reaction of this patient 
was manifested by unusual changes in the white blood cell picture as 
may be seen by refeience to the table of total and differential leuko- 
cyte counts Except for an acute polymorphonuclear leukocytosis 
accompanying the pencaiditis, the changes were almost entirely in the 
percentage of the true so-called transitional cells described below The 
differential counts recorded in the table were made on smeais stained 
by the Romanowski method (Wilson’s modification) and these were 
checked in each instance by counts on smears made at the same time 
and stained with Ehrlich stain 

DESCRIPTION OF CELLS CONCERNED IN THE REACTION 

Ihose cells classified as transitionals (Fig 1) m the differential 
counts in this case were always as large as, and generally larger than, 
the polymorphonuclears, and varied in diameter from 10 to 20 microns 
The nucleus in each cell was irregular and in most of them typically 
indented or saddle-bag shaped, the protoplasm was abundant and the 
cell boundaries sharp and even Stained by the Romanowski method 
(Wilson’s modification) the nucleus appeared rather densely relicu- 
lated and of a dark purple color The protoplasm was a pale blue 
and quite thickly set with an apparent fine neutrophilic granulation 
much resembling that seen in the polymorphonuclear neutrophil, and 
occasionally seeming to overlie the nucleus In a few cells large 
azure granules suggesting those encountered in the protoplasm of the 
large mononuclears were also present Stained with Ehrlich’s stain 








Fig 1 — Field taken from smear made March 16 and stained with Wilson’s 
stain, showing some types of cells encountered and illustrating their classifica- 
tion The evidence of mild secondary anemia present in this field represents 
fairly accurately the tiue condition at this time 1 Small lymphocyte 2 Large 
lymphocyte 3 Large mononucleai quite dilfeient from the transitional 
4 Large mononuclear closely resembling the transitional 5 Transitional 
6 Degenerated cell — unclassified Although 4 definitely and 3 quite probably 
belong to the transitional cell group, both were included with 2 and classed as 
laige mononuclears 




Table of Total and Differential White Blood Cell Counts 
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e nucleus was a giecnish-bluc, showing no evidence of reticulation, 
cl the protoplasm a faint pink with a ^ely fine, indistinct, dust-liko 
anulation of pinkish hue The gianulation which wms so definite 
ith Wilson’s stain, was eithei .absent with this stain oi leprcsented 
V a few^ faint pink gi .mules wdneh weie ncvei seen to ovcilic the 
Liclcus With Jenner’s stain the protoplasm was a darkci blue than 
ith Wilson’s, and the granulation, though constantly present, was 
ot so striking In none of these cells w.is a jici inucle.ir clear /one 
otecl Using the “mdopheiiolblau” reaction of Schult/e,’'’ oxjclase 
lanules w^eie demonstrated in these cells in just as great abundance 
s ill the polyniorphonuclears By means of staining the nucleus w ith 
aturated aqueous safianin before submitting the smears to the 
ixyclase reaction, the diricrent cells w'cie definitely identified, although 
wvmg to the occasional ovei lying of the nucleus WMth oxydase grannies 
he diffeiential diagnosis betw'ccn the transitionals .incl the polyniorpho- 
luclears was difficult in some instances^' 

13 Scliult7C, W Zur Diffcrcntialdiagnose dcr Lcuk.iniietn, Munclicn incd 
iVclinschr, 1909, Ivi, 167 Sec also Turk (Note 12), p 202 

14 It was at first hoped that by staining the nucleus in connection ^\Itll the 
ovydasc reaction, a preparation might result that would admit of a microiihoto- 
graph and thus make a permanent demonstration of transitional cells containing 
oxydase granules The blue nuclear stains were of no help Aqueous safranin, 
gentian-violet and cochineal w'ere also tried, and of these safranin pro\cd the 
most satisfactory, giving the desiied intensity of staining in the shortest time 
To save the oxydases from destruction, aqueous solutions used without a 
mordant were necessary, and under these conditions it required .ibout eight 
minutes, depending somewhat on the age of the smear, to get a satisfactory 
staining of the nucleus with the saturated solution Being an aqueous stain, 
it WMS rapidly dissolved out by the water in the dimcthylparaphenylcndiamin 
and alphanaphthol solutions used m the “mdopheiiolblau” synthesis, so that 
wdien these solutions were allow'cd to remain on the smear long enough to result 
in a preparation of any permanency the red stain of the nucleus had become 
too faint to be photographed On the other hand, if the smears w'cre submitted 
to the oxydase reaction first, the eight minutes consumed m staining the nucleus 
rendered the preparation unsatisfactory bj reason of the transient character of 
the oxydase reaction, wdiich enduied only about ten minutes The technic finally 
adopted wms as follows 

(a) Staining 

1 Fix smears eight hours in formaldehyd vapor 

2 Stain in saturated aqueous safranin solution foi eight minutes 

3 Wash quickly in WMter and dry immediately by careful blotting 

(b) Oxydase reaction Put on slide 

1 One drop of 1 per cent aqueous solution of dimethylparaphcnylendi- 

amin, and 

2 One drop of freshly prepared 1 per cent solution of alphanaphthol 

in 1 per cent KOH dissolved by gentle heating 

3 Mount pieviously stained smeai m this and examine at once 

By this means a preparation of sufficient permanency of both the nuclear 
stain and oxydase granules wms obtained to admit of satisfactory identification 
of the cells and a hasty differential count, but not enduring long enough to be 
photographed 
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In order that any conclusions drawn from this case might be justi- 
fied, strict adherence to the above characteristics was demanded of 
any cell counted with the transitionals Any cell resembling a tran- 
sitional to some, extent but having a ground or oval nucleus, or having 
a somewhat irregular nucleus but lacking the customary intensity of 
granular staining with Wilson’s stain, was classed with the large 



Fig 2 — Curves of the polymorphonuclears, transitionals and large mononu 
clears in absolute number of cells per cubic millimeter of blood The dotted 
lines repiesent the curves after the 54 per cent unclassified cells noted March 18 
had been proportionately allotted to each Solid line above polymorphonuclears , 
line with dots, transitionals, line with crosses, large mononuclears 


mononuclears Never, however, was a cell having a typically indented 
nucleus encountered which did not meet the qualifications in regard 
to granular staining, nor was a cell with the characteristic granules 
e\er seen with a perfectly round or oval nucleus The classification 
of those cells counted as lymphocytes, although not based on the size 
of the cell, was equally stiict, only those with a deep blue-black 
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nucleus with Wilson’s slain and a faint grccnisli-bluc \\itli Ehilicirs, 
and having a naiiow strip of protoplasm, being counted in this group 
Ihe cells commonly accepted as huge lymphocytes with a purple leticu- 
lated nucleus and abundant faint blue protoplasm, clear except for 
occasional azure gianulcs with Wilson’s stain, and a \cry faintly 'itain- 
ing blue nucleus and pink piotoplasm w'lth Ehrlich's, and with a fauly 
constant pennuclcai cleai zone, were, togethei with the cells abo\c 
described somcwdiat icscmbhng the traii'^itionals, included with the 
large mononuclears Thus the group of large mononuclcai'; was a 
composite one made up of at least two distinct t>pes of cells, tho'^c 
resembling the transitionals picpondcrating There wa‘' no transi- 
tion stage betw'cen the tiue huge lymphocyte and the lcIK re^'Cmbling 
the transitionals but not exactly typical of them, although among these 
latter Iheie weie all gradations in point of lntcn‘^tty of granulation 
and shape of nucleus, from the most atypical to the tiiic transitional 
With Wilson’s stain the more leticulatcd and iiicgular nucleus of the 
transitional, the neutiophihc gianulations of its piotoplasm and nni- 
foimly shaip edge, and the absence of the pcimuclear clcai zone, ren- 
dered confusion wnth the laige lymphocyte out of the question, but 
when the nucleus was not typically indented and was o\cilain with a 
few' neutiophihc granulations, as occasionally appeared, confusion with 
the myelocytes might be conceivable, particularly in faintly stained 
specimens On the othci hand, with Ehilich’s stain the faintly 
staining nucleus wdiich charactciizcd the transitional, and the scarcity 
and type of granulation wdiich was never seen to oveilie the nucleus, 
distinguished this cell fiom the myelocyte but icndcrcd confusion with 
the large lymphocyte possible on casual observation, in those cells 
with a nucleus not typically indented 

THE REACTION 

This patient with syphilitic aoititis, having no untow'aid symiptoms 
after the administration of one dose of salvarsan and a scvei e reaction 
manifested by a dermatitis, hepatitis, nephritis and piobably phlebitis 
after a second dose five days later, presented a case unique in the 
fact that there was also a great increase in the typical tiansitional 
cells of the blood No similar case has been encounteied in the bteia- 
ture following any kind of arsenic therapy Naegeir’ mentions a 
number of conditions in which a transitional cell increase has been 
described, the greatest noted being 17 pei cent m a case of lymph 
gland tuberculosis Warfield® cites a fatal case of typhoid fever 
in which he counted 46 per cent of these cells, but this is most unusual, 
and the constant increase noted by Bunting^® in early Hodgkin’s disease 
has never been more than 17 8 per cent in his reported cases The 
patient during the course of the illness also showed a pericarditis ■'vith 
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a typical fiiction mb and later with fluid, and a bilateial pleurisy with 
effusion, the foimer accompanied by an active leukocytosis 

It will be observed (Fig 2) that the sharp rise of transitional cells 
was associated with a sti iking diop in the polymoiphonuclears, but that 
the polymorphonuclear leukocytosis following later at the time of the 
peiicaiditis influenced the transitional curve only slightly The charac- 
teristic piecipitatc descent of the polymorphonuclear curve after the 
subsidence of the acute process giving rise to the elevation, although 
synchionous with the falling cuive of the transitionals, seems to be 
entirely without influence on it, the latter continuing the gradual 
descent noted both during the active polymoiphonuclear leukocytosis 
and after the polymoiphonuclear percentage had become appi oximatel} 
normal Also, duiing the polymoiphonuclear reaction, myelocytes 
weie present m about the percentage to be expected, but at no time 
was a myeloblast observed, and at the end the blood was flooded with 
fragile foims incapable of being classified (see Table) These unclas- 
sified cells, by rcfeience to the differential counts, seemed to be largely 
at the expense of the polymoiphonuclears, and also to some extent of 
the tiansitionals and laige mononuclears Flowever, propoi tionately 
allotted to these three gioups of cells, they do not alter the curves 
materially (Fig 2) The lymphocytes, through both the reaction of 
the transitional and polymorphonuclear elements, showed only the 
variations noimally to be expected, and these variations were entirely 
independent of the other reactions (see Table) The curve of the 
composite gioup classed as large mononucleais and containing many 
cells greatly resembling the transitionals, being above the cuivc of 
the tiansitionals, as is normal, both befoie the reaction and after it 
had subsided, was constantly below it duiing the reaction, and except 
foi a slight rise at the time of the leukocytosis, maintained an almost 
constant level (Fig 2) At no time could enlargement of the spleen 
be made out by palpation or peicussion and there was no variation in 
the slight geneial glandular enlargement noted on admission No 
disturbance of the eiythropoietic function occurred, as evidenced 
by the absence in the peiipheral circulation of immature forms of red 
blood cells and the lack of polychromatophilia, etc 

DISCUSSION 

The leaction of the blood in this case is interesting m reference to 
seveial views of the oiigm and status of the transitional cell The 
initial fall of the polymorphonuclear cuive coincident with the nse 
in the transitional seems at first sight to point to the transitional as 
one type of immature polymorphonuclear cell, but the subsequent 
shaip polymorphonuclear leukocytosis, associated as it was with the 
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])rcscncc of m\cloc\lcs and almost without mflueiKc on the tiaii- 
sitionals m.ikcs such a view uutenahlc XKo this itll seuus to he 
indcpcurkMU of the myeloblasts and nnelocctes, foi it is impK'hahlc 
that such an intense tiansilional crisis could h.i\e been juescnl without 
one myclobbisi bcine^ noted if the) are lelated forms, and the presence 
of mycloc}tcs onl> in connection with the polunorphomKlcar Icubo- 
ectosis aftoids additional e\ideiue in suppoit of tins obscix.Uion 

The lack of any rel.ition between the number of transition.d^ aid 
lymphoc3tes thiouq:hout the entire ti.msuional ica(tion spt.iKs aejac’^t 
au) association with the hmphoid s\siem 

The reaction of this cell was also independent of am ch.int;e in the 
percentage of the laige monouueleais, although it bore, .is abme noted, 
great resemblance to some of the cells me hided in the l.irge mono- 
nuclear gioup This one laigc mononuelcai cell suggc^tmg on morpho- 
logical grounds an intimate i elation with the traiisuional, presented 
all stages between its most remote foim and the tepical cell e'Ouiit~d 
with the transitionals, and was entiicK distinct from all other c'clls of 
the blood Yet e\en this cell, though jiossiblv present m slight!) 
increased numbeis, did not vary enough to mnuence the almost con 
stant le\ el maintained b) the total huge mononuelcai count Howeisr, 
\,e feel in agi cement with HhrhclT and man\ othcis ih.it there »s a 
close lelationship between these two cells, md melme to ihc behc'i of 
Naegelf’ that the) should be considered togethei as one cell group 
The common opinion that of these Iwo cells the one with the indented 
nucleus, the true tiansitional, is the oldci foim and dc\ clops from the 
cell of the more regular nucleus, is chrcctl) opposed to the evickmcc 
available in this case For, m noimal blood, m wdiich one might 
expect the older forms in greatci numbeis, the mononuclear percentage 
is gi eater than the transitional When the system was specially stimu- 
lated, bringing out, as one is justified m supposing, the younger foims, 
the increase w'as almost exclusively in the true transitionals 

In regard to the origin of the cell, it is of mtciest that no enlarge- 
ment of the spleen or superficial lymph glands could be made out 
The rich content of oxydase granules in the transitional cells is strongly 
in favoi of the bone marrow^ as the point of origin The scope of this 
papei does not permit a discussion concerning the confidence to be 
placed in the demonstration of oxydase gianules as a diagnostic point 
between cells of the lymphoid and myeloid systems, but most studies 
seem to indicate that the differentiation is definite In this case no 
oxydase granules could be demonstrated in the lymphocytes, but they 

IS Gierke, E Die oxydierenden Zellfermente, Miinchen med Wchnsclir , 
1911 Iviii, 2315 
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were present in great abundance in all transitionals and polymorpho- 
nuclears It has already been mentioned that in the ‘hndophenolblau’^ 
preparations for the demonstration of oxydase granules the distinction 
between the polymorphonuclears and transitionals was difficult in some 
instances This uncertainty did not exist in regard to all the cells, 
however, and when a blood specimen showing 7 2 per cent polymor- 
phonuclears and 54 4 per cent transitionals (together 61 6 per cent ) 
as occurred in this case on March 4, contains oxydase granules in from 
55 to 75 per cent of the white cells in smeais made the same day, the 
observation that all transitionals contain oxydase granules seems 
reliably controlled The possible presence of phlebitis makes one 
strongly consider an endothelia) origin for these cells, for a process 
intense enough later to cause a phlebitis might readily be conceived as 
capable of first producing proliferative changes in the mtimal endo- 
thelium This origin seems unlikely, however, for although oxydase 
granules have been observed in many cells of the body, including the 
endothelial when fresh tissue was used, Gierke^® was unable to obtain 
them in any but the cells of the tear and thyroid glands, and in those 
of myeloid origin after formaldehyd fixation and alkaline solutions, as 
used in this case In the endothelial and other body cells it has been 
quite definitely proved to be a peroxydase, distinct from an oxydase 
reaction and depending on the labile respiratory oxygenase destroyed 
or inactivated by the above technic, whereas the stabile oxydase of 
the myeloid cells, being more resistant, endures 

SUMMARY 

To summarize, the following observations were made on the reac- 
tion of the blood m this case 

1 That the productive center of the so-called transitional cell v/as 
capable of specific stimulation 

2 That there was a decrease in the pol}'morphonuclear coincident 
v ith an increase in the transitional cells but that this transitional reac- 
tion was not then or later accompanied by any immature cells of the 
polymorphonuclear system, and subsequent sharp polymorphonuclear 
leukocytosis, associated with a few myelocytes, was almost without 
influence on the number of transitionals 

3 lhat the transitional cells, in contrast to those of lymphoid and 
endothelial origin and in common with those of known mj’^eloid origin, 
contained ox 3 '^dase granules in great abundance after formaldehyd 
fixation and with alkaline solution of the reagents 

16 For discussion and references see Gierke, Note 15 
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4 That theic wcic no ti.ui'^iUon stages betwccti an} l}mphocylc, 
large or small, and the transitional cell, and the specific stimulation of 
the tiansitionals did not mnuence the niimbci of true lymphocytes m 
the blood 

5 That although one t) pe of large mononuclcai cell bears a striking 
moi pliological resemblance to the transitional, onh the latter was 
increased under the stimulation which occuned, and the total number 
of those cells going to make up the laige monomicleai gioup was unir- 
fluenced by the tiansitional icaction 

C0NCLL.S10XS 

While lealiring that no definite statements can be made fiom the 
data aftoided by a single case, in tiew of the unique opporlunit} 
offered by our case for stud} of the transitional cell we feci that the 
obseivations made strong!} suggest the following conclusions 

1 That the so-called tiansitional cell is not an immature oi degen- 
erated form of any othci cell t}pc. but is an independent cell Upc in 
itself 

2 That the productnc centei of the tiansitional cell is closely 
related to that of the polymorphonuclear s}stcm, but is independent 
of it 

3 That the transitional is not an endothelial cell, bears no i elation 
to the lymphocytes large or small, and is pi obably of myeloid origin 

4 That the one distinct type of large mononuclear closely resem- 
bling the transitional should probably be included with it to form an 
independent cell type , but that if tliei e is any diiTerence m the age of 
the cells of oval or indented nuclei, as seems likely, the cell with the 
indented nucleus — the typical tiansitional — should be consideicd the 
younger 

I take this opportunity to thank Dr Walter A Baetjer and Dr Thomas P 
Sprunt of the staff of the Clinical Laboratory for their kindly interest and 
many helpful suggestions in the study of this case 



ADAMS-STOKES SYNDROME — PERSISTENT BRADY- 
CARDIA INVOLVING BOTH AURICLES AND VEN- 
TRICLES REMARKABLE PROLONGATION OF 
THE As-Vs INTERVAL ^ 

W. S THAYER, MD 

BALTIMORE 

The patient, Mrs X , aged about 55, came under my observation on 
the 27th of April, 1913, in consultation with my friend Dr Hardin of 
Washington 

At thirteen the patient had had scarlet fever, and six months later 
diphtheria, followed by more or less extensive paralysis In other 
respects she had been a healthy woman and had had several children 
For ten or twelve years, however, there had been some shortness of 
breath on exertion, and for eight months, frequent bleeding from the 
nose For two months she had had peculiar periods of dizziness in 
which it had been noticed that her pulse was slow and irregular Two 
weeks before she had had a sudden attack characterized by loss of 
consciousness and repeated slight convulsive seizures Immediately 
after the attack the pulse was very slow, about 18 to the minute, and 
fairly regular On the morning preceding the attack it had been 44, 
since the attack it had ranged between 28 and 35 

Examination showed a fairly healthy looking woman, lying on her 
back m bed The pulse was regular, 36 to the minute On inspection 
of the neck, by a rather poor light, there was a well-marked impulse in 
the jugular with each beat of the pulse, together with a second impulse, 
occurring at a point about midway between each beat A satisfactory 
analysis of the jugular undulation was impossible because of the dim- 
ness of the light 

The heart was slightly enlarged , the sounds were clear throughout 
There was heard, however, between each regular beat, a slight but yet 
distinctly audible sound This occurred constantly about midway 
between the regular heart sounds, and had the general character of the 
sound which one commonly hears in association with the auricular con- 
traction in heart block 

We were inclined to regard the condition as one of heart block 
with a 2 1 rhythm Tracings were taken which are reproduced in 
Plates I and II These tracings show, as may be seen, a bradycardia 
with an average ventricular rate of 33 7 to the minute There is but 


* Submitted for publication Sept 8, 1915 
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one aunciilar wave to each \enlncular beat Thai ib, there is ,i like 
slowing of both chambeis with a-c ])eiiOfls of unusual length In 
twenty-three consecutive beats the a-c period ranges from 0 65 to 0 82 
second in length, averaging 0 73 second 

The hist, and most natural thought that c.imc to one’s mind \\a'^ 
that this must, after all, be a 2 1 ih} Ihm, and that, on careful examina- 
tion, an ele^atlon coriesponding to a second auncular beat might be 
discovered somewheie on the tracing And, indeed, rough measure- 
ments suggested, at first, that the sometimes piomincnt notch on the 
katacrotic limb of the c wave might possibly rcpiesent the beginning of 
a second a wa\c For the difterenccs m the jieriods scpar.iling the 
obvious a waves from the katacrotic notchc*^ on the succeeding c \\avc‘-, 
and those between the lattci and the next prominent a waves, were so 
slight that on first study of the tracings, we were inclined to accept thi^' 
explanation 

A more careful study, howc\cr, show's that the consecutive a waNC" 
and the katacrotic notches on the c wxucs arc not equidistant one from 
another, the distance from a gnen a w'a\c to the succeeding notch being 
almost ahvays slightly greater than that from the notch to the following 
a w'ave Moieovei, the a wa\c is a large, clcarl) defined ele\ation and 
the w'ave following the notch but slight and sometimes ill-defined One 
is therefore obliged to assume that the condition is one of bradycaidia 
involving both auncles and ventricles, and fuithcr, the lemarkably con- 
stant 1 elation betw'een the a and c w'aves suggests that the chamber^ 
respond to a like impulse conveyed along the usual paths, wuth a lemark- 
able delay m transmission The impulses visible m the neck, and the 
sounds audible betw'een the ventiicular conti action were clearh asso- 
ciated with auricular systole 

Five weeks later, on the third of June, the patient came to Baltimoie 
for further polygraphic and electrocaidiographic study At this time 
she appeared to be m excellent condition The pulse W'as 36 to the 
minute, the blood pressure w'as high, by estimate about 180 In the 
jugular the same slight impulse ivas visible belw’-een arterial beats 
and w'lth the arterial beat no definite presystohe impulse could be seen 
The radials were not palpable The point of maximum cardiac impulse 
was palpable m the fifth space, about 10 cm from the median line, the 
dulness extending about 3 cm to the right of the stei num There w'as 
no retro-sternal dulness At the apex there was a slight systolic mur- 
mur following the first sound, and between beats a soft, short 
sound was heard This was loudest at about the juncture of the sixth 
nb and the sternum on the left, but was audible all over the cardiac 
area ^The liver was palpable on deep inspiration, descending just below' 
the costal margin 
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Electrocardiographic records were first taken, after which the 
patient who seemed a little tired and short of breath, walked slowly up 
two flights of Stans where further polygraphic tracings were made The 
electrocardiograms are reproduced m Plates III, IV and V They show 
a bradycardia involving both auricle and ventricle, similar to that 
recorded in the polygraphic tracing five weeks before 

In Lead I (Plate III) the rate of the pulse is 35 9 to the minute, 
and the average P-R interval reaches the remarkable figure of 0 68 -4- 
second The beats follow one another at regular intervals, and beyond 
the long P-R periods there is little striking about the record The P 
waves follow one another at regular periods and there is no sign at any 
point of another P complex interfering with R or T elevations 

In Lead II (Plate IV), however, there are several vaiiations from 
the usual relation and character of the P and R complexes In this film 
the rate of the heart’s action is 35 4 to the minute, and the average 
P-R time, 0 70 -|- second 

The R wave is inverted and has a i ather flat summit with a notch m 
the middle The P wave is large and triangular in form The auricular 
beats are separated by a period usually varying from 1 6 to 1 7 seconds 
At one point {w) after the ninth R wave on the record and 1 3 -f- 
seconds after the preceding P wave, there appears a small inverted 
deflection which has the general complex of a P This is followed in 
0 88 -|- second at jir, by an erect P, somewhat smaller than the regular 
auricular complex, and this in tuin is succeeded after 0 23 second at 
y, by an R deflection which differs distinctly in form from the ordinary 
R in the tracing The next P follows at ^ after a shorter period than 
usual — 1 08 -}- seconds — ^but occurs but little in advance of the time at 
which it would ordinarily have been due, and has its usual complex 
Following this slightly precocious P elevation there is an unusually long 
P-R interval — 0 88 second — and the next P complex follows after a 
delay of nearly 0 2 second beyond the ordinary P-P interval The P 
complexes, excepting the two at the points w and are quite similar in 
form The R complexes occur at practically regular intervals through- 
out and at but one point (y) do they show any variation from their 
usual appearance 

In Lead III (Plate V) m which, unfortunately, but a short film was 
made, the heart’s rate was 35 5 per minute and the P-R interval averages 
0 69 There is nothing striking about the appearance of this film The 
R and T waves are inverted The P waves are smaller than in Lead II, 
of much the same general appearance as in Lead I 

The next record was taken with the Mackenzie polygraph (Plate 
VI) The patient seemed a little nervous and tired and had walked 
up two flights of stairs The pulse rate had become slower — 31 3 to 
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the minute The average a-c intci val was 0 79 -{- second '’J'hc general 
appearance of the tracing was exactly sinulai to that taken on Api il 23, 
but at two points slight iiiegularities wcic noted, associated, T think, 
with swallowing or some othci movement At the first of these points 
(a) legular a and c elevations can be made out, although the former is 
immediately preceded by an unaccountable wave The succeeding a 
is separated from the next c by an unusually long period At tlic second 
point (v) there is an ele\ation preceding the v wave, and the latter is 
followed by that wdiich appeals to be an a occurring at a remaikably 
precocious period, and separated from the succeeding c by a very long 
space of time Although no special notes were made on the tracings at 
the time when they W'cre taken, the irrcgulaiitics at i were, I think, 
dependent on movements of some soit, for I icmcmbcr di'^tincth that 
although the tracings w'ere lather caicfully studied, no serious ii regu- 
larity was noticed at the tune It may be that the elevation at c repic- 
sents a precocious auiicular systole similar to those on Lead II of the 
electrocardiogram, but 1 am disposed to regard it as an artefact Noth- 
ing similai was obseived on the icst of a faiily long tracing 

Lastly, carotid and jugulai tiacings w'cie taken with a Verdin poly- 
graph (Plate VII) There w'as some difficulty m obtaining a satisfac- 
tory record The patient became rather neivous and tired The rate of 
the pulse is here 28 8 to the minute, wdnic the a-c intcnal varies fioin 
0 81 to 0 97 second, leaching the remarkable average length of 0 886 
Excepting for the slow^ei rate of the pulse, and the remaikably long 
As-V s interval, the tracing differs in no essential fi om those made w ith 
the Mackenzie instrument 

Plow are we to explain these reinaikable recolds'? Are we to 
assume that we are dealing wuth an instance of complete hcait block 
with idio-ventricular rhythm, oi aie w^e to fancy that the stimulus for 
each contraction has developed at the normal point and that we have 
before us an example of simultaneous slowing of all chambers of the 
heart with an aunculo-ventncular conduction tune amounting in some 
instances nearly, if not actually, to one second, and with a P-R interval 
which averages between 0 6 and 0 8 second ? 

In favor of the former assumption we might regard the rate of 
the heart, 29 to 35 to the minute, almost exactly that of oidinary^ 
idio-ventncular rhythm, as well as the circumstance that in Lead II 
of the electrocardiogram where, at one point, two atypical auriculai 
complexes occur, the ventricular rhythm remains essentially unaltered 
But strongly against such an explanation seems to me the circumstance 
that in a series of tracings taken after an interval of five weeks, the 
relations of auricular and ventricular contractions remain almost the 
same It is hardly conceivable that at such varying periods of time. 
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and m so many tracings, the relation in time between the a and c 
waves and the P and R complexes should have been so constant 
unless auricular and ventricular action were controlled by common 
stimuli 

Another argument in favor of this assumption would seem to be 
the character of the R wave in the electrocardiogram This does not 
present the diphasic excursions commonly seen with idio-ventncular 
rhythm, but has rather more the appearance of a complex dependent 
on a stimulus carried from above along the bundle 

How may one explain the events on Lead II of the electro- 
cardiogram ^ 

The first inverted P complex (w) is probably an auricular extra- 
systole 

How are we to explain the abnormal complexes associated with 
the following P and R elevations^ It would not seem probable that 
a P-R interval so short as 0 23 second could represent a true con- 
duction time when, throughout the rest of the film, the P-R interval 
IS never shorter than 0 64 second, unless it be that we fancy that the 
P elevation here is an extra systole arising in the node or bundle In 
extia systoles arising in junctional tissues, the P and R elevations are 
usually, it is true, much more closely associated But might not the 
delay in this instance reasonably be explained by the anomalous con- 
ditions which are accountable for the remarkable length of the P-R 
interval during the regular cardiac action'? The suggestion that the 
P wave at x is an extra systole is supported by the slight variation in 
its complex, which has already been mentioned 

Following this extra systole, the next regular stimulus represented 
by the P elevation at z, occurring after a shorter period than usual 
and meeting with an exhausted bundle, is followed by an unusually 
long P-R interval — 0 88 second 

The variation m the R complex at y suggests, however, another 
possible explanation Might it not be that this complex represents an 
idio-ventricular contraction quite unassociated with the impulse respon- 
sible for the preceding P? The sequence of events then might be 
as follows A precocious auricular systole at w in a heart in which, 
owing to disease of the bundle, the P-R time is greatly delayed finds 
the bundle refractory and is blocked At x there occurs a second 
auricular contraction at a period fully 0 4 second later than that at which 
the regular auricular contraction should have occurred Owing, how- 
ever, to the long continued bradycardia at a rate close to that of ordi- 
nary idio-ventncular rythm, the heart is continually on the threshold, as 
It were, of idio-ventricular impulse formation And indeed, after a 
delay slightly longer than usual, such an idio-ventricular contraction 
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ocelli s at 3', at a period considerably in adiance of the time when the 
stimulus responsible for the auricular contraction at .1 might ha\ c been 
expected to pioduce a ventricular response 

An exceptionally mteiestmg feature of these tracings is the great 
piolongation of the As-Ys intcival in the last tracing, 111 which the 
average a-c period was 0 886 On the whole we see a gradual slowing 
of the pulse from beginning to end of tlie records taken June 3, a 
diminution in the late fiom 33 9 to the minute at the beginning of the 
electiocardiogiaphic records to 28 8 to the minute in the one siucessful 
tracing which w^as obtained wntli the Vcidin instuimcnt, this course 
of events suggests the possibility that physical exhaustion ma) have 
resulted in slowing of the cardiac rhythm and delaj 111 the conduction 
time 

I have, unfortunately, been unable to see the patient suite June, 
1913 In July of that yeai she had two attacks of \erligo with 
unconsciousness and coiiMilsions lasting sevcial minutes At the time 
of the attack the pulse was slow and iiicgulai , immediatcl} afterwards 
it varied fiom 28 to 50 Dr Hardin writes me 

“In June, 1914, she had three more se\crc convulbions, one at three o’clock m 
the morning, another six hours later and another carl> the following morn- 
ing Following these convulsions thcic was continuous and violent vertigo 
markedly increased by raising her head from the pillow, and lasting for tight 
days 

“The next and last attack was on the 17th of Februarv', 1915, when she fell in 
her bathroom and was unconscious for some time following I have never seen 
her in one of these convulsions and have been unable to secure anv definite data 
from any of those who have witnessed the attacks Her pulse has varied from 
28 to 44 when we have seen her during the past winter and she complains 
almost continually of mild vertigo and a sense of confusion and uncertaiiitv 
in her head” 

We have waited nearly two 3'ears befoie presenting these lecords 
m the hope that it might be possible to continue our obseivations 
Unfortunately, the patient’s family have consistently refused to allow^ 
further polygraphic or electrocardiographic studies 

It ‘was early felt that it might be well to try the ellect of large 
doses of atropine but unfortunately the patient shows an unusual 
idiosyncrasy towards the drug Dr Hardin writes 

“The minutest dose poisons at once I have tried it several times when she 
m unsuspecting I have seen %oo of a gram (0 00013) of atropine and also one 
drop of the tincture of belladonna flush her face and dilate the pupils so that 
she cannot see at all, produce great restlessness, insomnia and excitement 
for hours and hours” 

Clinically the course of events was typically that of an Adams- 
Stokes syndrome, and it would seem from the history as if at the time 
of the syncopal and convulsive attacks, there may well have been long 
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intermissions in the pulse On the two occasions in which we have 
been able to study the patient, however, there has been no actual 
auriculo-ventricular dissociation, but a slowing of both auricles and 
ventricles to a rate of from 28 to 35, about that of the ordinary idio- 
ventricular rhythm, with a great prolongation of the As- Vs interval 
The remarkable As-Vs interval, as well as the rate of the pulse might 
lead one to suspect a true dissociation, and the circumstance that in 
Lead 11 of the electrocardiogram, despite irregular auricular contrac- 
tions at one point, the ventricle continues its regular rate, might sup- 
port such an hypothesis 

On the other hand, the constancy of the As and Vs relations, 
which remained unchanged for an interval of five weeks, would be 
almost inexplicable unless we assume that the contractions of both 
chambers are governed by a common impulse Again, the R com- 
plexes are of such a character as to lead one to believe that they are 
dependent on a supraventricular stimulus The one serious objection 
to this assumption, that based on the regularity of the ventricular 
rate at the time of the auricular extrasystoles in Lead II of the 
electrocardiogram, would not seem to be serious if we regaid the 
ventricular complex at as a single idioventricular contraction arising 
after a very slight delay, in a heart muscle the rate of contraction 
of which has been for a long time so slow that it has been continually 
on the threshold of idioventricular stimulus formation — an hypothesis 
which is supported by the character of the complex 

The unprecedented length of the As-Vs interval — a-c periods aver- 
aging over 0 7 second and reaching at some points nearly, if not quite, 
one second in duration — P-R intervals often exceeding 0 7 second, can 
hardly be used as an argument against our interpretation of the mani- 
festations For although we are unaware that As-Vs periods so long 
as this have been previously observed, yet Griffith and Cohn,^ and 
Peabody and the writer^ have recorded instances in which the a-c 
interval has amounted to from 0 5 to 0 6 second 

What may be the pathological basis for such remarkable functional 
manifestations^ From the data at hand, it is obvious that one can 
but speculate The great lengthening of the As-Vs interval and the 
history of the syncopal and eclamptic manifestations would suggest 
disease of the a-v bundle But how shall we explain the slow auricular 
ratc^ Despite the general regularity of the auricular beats and the 

1 Griffith, T W , and Cohn, A E Remarks on the Study of a Case Show- 
ing a Greatly Lengthened a-c Interval with Attacks of Partial and Complete 
Heart-Block, with an Investigation of the Underlying Pathological Conditions, 
Quart Jour of Med , 1910, iii, 126-151 

2 Thayer, W S , and Peabody, F W A Study of Two Cases of Adams- 
Stokes Syndrome with Heart-Block, The Archives Int Med, 1911, vii, 289-347 
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persistence of the phenomenon, abnormal \agus influences cannot 
wholly be ruled out One might fancy that thei e were changes which 
had resulted in a 2 1 smo-auricular block, but with the information at 
hand this can only be advanced as an hypothesis without supporting 
evidence 

Instances of peimanent slowing of the auricular action to a rate 
below 40 with regularity, are by no means common Such an instance 
I had the opportunity to study several years ago 

S, aged 30, a civil engineer, consulted me on the 21st of October, 1910, com- 
plaining of nausea, dizziness and "sinking spells" He had been a rather lica\y 
smoker, consuming as many, sometimes, as fifteen cigars a day He had worked 
very hard at his profession He had been mariicd four jears and had two 
children 

He had had no serious illnesses m childhood and had nc\cr been subject 
to tonsillitis As a child he had not been allowed to exercise very vigorousb 
because, as he said, he had not "grown up to his heart " At college he took 
up rowing, but was generally taken out of the boat for some reason or other 
before the competitions He had never sufTered from palpitation, dyspnoea 
or coughing 

For five years his physician had noticed that his pulse was slow, ranging 
usually between 44 and 52 Early in May, five months before I saw him, while 
under an unusual stress of work, he had an attack of vertigo on the golf 
links which obliged him to he down on the ground After about two minutes 
he was able to arise and finish the game A week or two later there was a 
similar attack while sitting m a chair at dinner, so that he fell forward onto 
the table This was follow'ed by several like attacks at intervals of about 
ten days, and in the first week in July he had a very severe paroxjsm in 
the street car The attack lasted while the car was passing about three blocks , 
he did not fall from his seat After these attacks he was verv' weak and 
felt that he must he down 

At the time of the attack in the street car he was seen by an excellent 
physician who found a ventricular rate of 32 to the minute, and what appeared 
to be a double venous impulse in the neck, suggesting a heart block with 
a 2 1 rhythm He then went to the mountains, spending some days quite at 
rest At this time his family physician found his pulse from 32 to 36 In 
twenty-four hours the pulse had risen to 42 A few days later, on the 15th of 
July, he had a nervous attack associated with a sense of sinking, feeling very 
weak, as he expressed it, “as if my blood were all going out” His physician 
states that his pulse was again 32 

Although there was no history or evidence of lues, he was treated with 
mercury and iodide of potassium with apparent improvement until August 1, 
when he had another “sinking spell” which was repeated again two weeks later 
At these times the pulse ranged from 28 to 32 The patient suffered also from 
a feeling of nausea m the morning and felt rather dizzy, but was inclined 
himself to feel that his dizziness was nervous From the 15th of August he 
gradually improved and now, October 21, feels perfectly well 

In my consulting room the patient appeared a healthy man Nothing 
abnormal beyond the cardiac conditions was found The pulse was between 
30 and 35, essentially regular Now and then a beat occurred at a period 
a little earlier than it might have been expected, but was followed by 
no compensatory pause Inspection of the neck showed a normal venous 
undulation, all three waves being plainly visible The patient was a well 
nourished man over 6 feet tall The heart was a little large, the impulse 
easily palpable in the fifth space, 11 5 cm from the median line, slightly within 
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the mammillary line, relative cardiac dulness, 3 3 cm to the right of the mid- 
sternum The first sound was prolonged and followed by a slight, indefinite 
systolic murmur, heard in the axilla and rather louder over the base, the 
second sounds were clear and of normal relative intensity The murmur was 
less intense in the erect posture, and barely audible at the apex, not heard in 
the back The heart was normally mobile, occasionally, as the patient was 
lying on the left side, a third sound could be heard 

Polygraphic tracings with the Mackenzie instrument showed marked brady- 
cardia involving both chambers of the heart, no extra auricular beats were 
to be seen, the a-c time was normal The patient entered the hospital for 
study A radiographic examination of the chest revealed nothing abnormal 
The urine and blood showed no abnormalities The Wassermann test gave 
a negative result Radiographic examination of the chest showed nothing 
unusual 

While lying quietly in bed the pulse varied m rate from 28 to 35 The 
rhythm, though essentially regular, showed, at times, variations consisting of 
occasional precocious beats suggesting sometimes extrasystoles These beats 
were not, however, followed by compensatory pauses, (Plate XII) and, on the 
whole, were suggestive of an ordinary sinus arrhythmia 

Respiration was associated with the normal changes in rate, and exercise 
and emotion accelerated the pulse in the usual manner, but rarely, if ever, to 
a rate above 50 to the minute The slight irregularities in rhythm were some- 
what more evident after exercise It is not impossible as suggested by my 
colleague. Dr Bridgman, that this exaggerated irregularity is associated with 
respiration 

Numerous polygraphic tracings showed little beyond the bradycardia 
The tracing reproduced in Plate VIII, taken when the patient was at rest, 
shows an essentially regular pulse at the rate of 31 7, with a normal a-c-v 
sequence The a-c interval is a shade long, 0 21 -f- second In the next tracing 
taken a little later, after exercise (Plate IX), the rate of the heart is 43 2 The 
a-c interval averages 0 19 + second There is an interesting alternation in the 
length of the intersystolic periods This phenomenon was, however, not 
observed at any other time in our study of the patient In the following 
tracing (Plate X), taken after a short pause to adjust the receiving cup over 
the jugular, the pulse has already ' fallen to 318 and this alternation is no 
longer evident, while in later records (Plate XI), taken after exercise, no such 
alternation is seen, although the rhythm shows considerable irregularity 
Atropine 00011 (gr %o) and 0 0016 (gr %o) administered subcutaneously 
produced little or no effect on the heart’s action After 0 0022 (gr ^ 30 ) the 
pulse rate increased gradually to 60 A polygraphic tracing continued for over 
half an hour after the injection, showed no abnormalities (Plates XII and XIII) 

It was, unfortunately, impossible to obtain electrocardiographic records as 
the instrument was out of order 

Since this period the patient has seemed physically well, but the pulse has 
always remained at a rate between 30 and 40 while at rest I last saw the 
patient about two years ago as he was about to go on the table for an 
appendectomy The pulse at this time was 32, and the venous undulation in 
his neck, perfectly normal He passed through the operation without ill effect 
His physician. Dr E P Carter of Cleveland, who has studied the patient care- 
fully, and confirmed these observations, writes (July, 1915) 

“S is very well, active and busy His pulse when last taken by 

me in May, was 39 to the minute Polygraphic records have never shown 
any increase in his a-c interval he has had no attacks of dizziness 

since you saw him ” 

Here then we have the history of an individual the rate of whose 
cardiac action has apparently diminished gradually through a period of 
years, until, five years ago, it reached a permanent rate of but little over 
30 when at rest, a rate which has been maintained since that time 
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At one period, fi\e }ciiis aj^jo, after cxccsbcs in work and tobacco, 
there were several attacks of vertigo and nausea The pulse, at these 
times, was a little over 30 and regular With improvement under rest 
there was, however, no change in the rate of the heait’s action, and the 
pulse remains today, when the patient appears to he in perfect health, 
at essentially the same rate In polygrapliic tracings the a-c interval 
is normal and beyond slight sinus irregulai ities in rh>thni vhich are 
increased on exercise, nothing of note is icvcalcd 

What are we to regard as the cause of the bradycardia •' 

It is hardly possible to ascribe it to \agus influences, foi expcriinenf 
shows that the vagus influences aie essentially normal Respiration 
IS followed by the usual variations m rh>thm and atropine produces its 
usual effect, pi opoHwnately, houfcvci , to the initial caidiac lotc 

One IS hardly justified, in the present state of oui knowledge, in 
assuming the possibility of a persistent sino-auncular block — an 
hypothesis against which one might advance furthei the es=cntird regu- 
larity of the pulse through such long periods of lime, as well as the 
gradual increase in rate, without irregularity follow mg atropine One 
wmuld fancy that w'e aie here concerned W'ltb an csscntiahy slo'v 
stimulus formation, wnth a so-called sinus biadycardia, i bunhcardia 
depending on chronotropic influences solely 

But in what do such influences consist’^ Is the condition to be 
regarded as pathological oi only as anomalous^ 

Ihese are questions which must be answ^cred by lime and by 
further study 

To what were the phenomena of vertigo and nausea duc^ The 
physicians who observed the patient at the time of these attacks w'ere at 
first under the impression that a wave possibly indicating an auricular 
contraction, was to be seen in the jugular betw^een each legular beat 
If this observation of his physicians w^as correctly interpreied Ave 
must assume that, at this time, there was a true heart block — a 2 1 
rhythm The absence of prolongation of the a-c interval is no proof 
that such a condition may not have existed One wmiild, how'ever, 
hardly expect vertigo wnth a regular pulse of thirty and above, unless 
this slow pulse followed suddenly on a rate considerably more rapid 
— unless, say, it wfere a question of a sudden halving of the pulse 
rate May this have occurred at the time of these attacks^ 

Such an hypothesis might be advanced to explain the phenomena 
obseived in this patient I have seen a similar sequence of events 
in an individual wuth chronic myocardial disease, whose pulse when ar 
rest, was in the sixties Any effort, such, for instance, as sitting up 
and down several times in bed, was followed by a slight increase in 
the auricular rate with the diopping out of every other ventnculai 
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contraction After a few moments’ rest the regular As- Vs sequence 
was resumed At no time was there any prolongation of the a-c 
interval 

Experimentally, however, m the present case, it was impossible to 
reproduce any such phenomenon by exercise or atropine, and even with 
vigorous exercise the pulse rate was never observed at a point above 
sixty It is a question whether the apparent double auricular impulse in 
the jugular may not, perhaps, have been simulated by the large and 
very evident v wave , indeed such now is the opinion of the physician 
who has had the patient constantly under observation 

On the whole the writer is inclined to agree with him and to doubt 
whether any actual auriculo-ventricular dissociation has ever occuried 
in this patient He is disposed to regard the vertigo and nausea as the 
results of a generally overwrought mental and physical state in an 
individual who might well be predisposed to such symptoms because of 
his anomalously slow heart action 

1 0 what this remarkable brad 3 ’-cardia may be ascribed is a question 
which, as has been said, cannot definitely be answered 

The phenomena observed in this patient are similar to those 
described m Mrs X mainly in that in both there is a striking brady- 
cardia involving both chambers of the heart 

In the former patient (Mrs X ) both the history and the result"? 
of physical examination revealed evidences of grave disease of the 
a-v bundle — Adams-Stokes syndrome with extreme slowing and irregu- 
larity of the pulse and remarkable prolongation of the As-Vs period 
In the second patient, however, there was no lengthening of the As-Vs 
interval and, despite the history of vertigo and nausea, there was no 
evidence that aunculo-ventricular dissociation had ever occurred 
Indeed, the symptoms pointed, rather, to an unexplained sinus 
bradycardia 

SUMMARY 

The history is presented of a woman who for two years and a half 
has had occasional syncopal and eclamptic attacks with extreme brady- 
cardia 

Between these periods the pulse is regular, averaging (in rate) 
but little over 30 to the minute 

Polygraphic and electrocardiographic study reveals a synchronous 
slowing of both auricles and ventricles with prolongation of the As-Vs 
interval to a period longer than has hitherto been reported In poly- 
graphic tracings the a-c interval amounts to from 0 7 to 10 second , 
in electrocardiograms the P-R time is often over 0 7 second 

The history of syncopal and eclamptic attacks with great slowing 
and irregularity of the pulse, as well as the prolonged As-Vs interval 
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obseived iii oui studies, justify a diagnosis of disease of the auriculo- 
ventiieular bundle The cause of the auiiculai biadycardia ^\hlch 
would appeal to depend on an essential anomaly of impulse foimation, 
IS not clear 

A second case of apparently essential sinus biadycaidia is leportcfl 

This subject is a seemingly healthy man now 35 }cars of age The 
heait rate foi at least five years, has been between 30 and 40 when 
the patient is at lest Ihere is no prolongation of the As- Vs interval 
Exercise, deep bieathing, atiopinc ha\e then usual cllects on the 
heart’s ihythm and late, but proportion.iteh to the initial cardiac rate 

Attacks of lertigo and nausea occiiiicd fne ycais .igo but there is 
no evidence that these w'cre associated with auiiculo-\cntriculai disso- 
ciation The patient lemains in apparently good health despite hi'^ pci- 
sistent biadycardia 

I am indebted to my colleague, Dr Bond, for tlic electrocardiograms in 
Case 1 

Plates I, II and VI verc, owing to an unfortunate mistake, reinforced b\ 
hand ovei the original tracing before reproduction, a circumstance which 
accounts for certain irregulaniics in the line of the tracing 



THE TYPHOIDIN QUOTIENT 


QUANTITATIVE STUDIES OF THE CUTANEOUS TEST 
OF TYPHOID IMMUNITY ^ 

EUGENE S KILGORE 

SAN FRANCISCO 

In View of the uncertainty about the duration of immunity con- 
ferred by antityphoid inoculation and the occasional occurrence of 
typhoid fever among those recently vaccinated, it is highly desirable 
to have a test which will indicate the existence or absence of immunity 
and if possible also the degree of immunity Gay and Force^ have 
discussed the heretofore unsatisfactory efforts to utilize agglutination 
and other biologic reactions for this purpose, and have described prom- 
ising experiments with a cutaneous typhoidin test 

The technic used in this investigation was described by Gay and 
Force^ and is similar to the Pirquet tuberculin test It consists in 
making two circular abrasions without drawing blood by rotating a 
chisel with a 2 5 ram blade ‘H'yphoidin” was applied to one spot and 
the control application to the other The preparation of killed typhoid 
bacilli in liquid culture medium having been found by Gay and 
Claypole^ to deteriorate on standing, the same was dried and ground 
and a small particle of the powder rubbed into the abraded area with a 
sterile toothpick ^ The control application consisted of a similai prepa- 
ration of the culture medium (glycerin-bouillon) without the typhoid 
oiganisms The reactions were examined after about twentv-four hours 
In order to minimize the personal factor m interpreting these results 
and to obtain figures as objective as possible, the reactions were not 
recorded as “positive” or “negative,” but only the diameters of the 
areolas were put down Usually at least a small blush could be 
observed about both the control and the typhoidin spots, and the great- 

Submitted for publication July 21, 1915 

*From the Departments of Medicine and of Pathology and Bacteriology 
University of California 

1 Gay, F P , and Force, J N A Skin Reaction Indicative of Immunitj 
Against Typhoid Fever, The Archives Int Med, 1914, xiii, 471 

2 Gay, F P , and Claypole, Edith M An Experimental Study of Methods 
of Prophylactic Immunization Against Typhoid Fever, The Archives Int Med , 
1914, XIV, 671 

3 It IS still too early to state definitely the potency and keeping qualities 
of the dried t 3 ’^phoidin Further experiments on this question are to be under- 
taken in the Department of Pathology and Bacteriology The typhoidin here 
employed had been prepared one 3 ’^ear previously 
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est diameter of each was measured For this puiposc a machinist’s 
vernier gage was used, vhich leads to 0 1 mm. and vhich enables 
the observer to set the instiument to the required measurement without 
seeing the result until afterwaids Papule formation was disregarded 
in the analysis, ^ince it is not subject to the same objective interpreta- 
tion and only occurs ivhen theic is a well-marked aieola 

Because the arcolas nevei have absolutely sh.iip edges, tlic sub- 
jective element in gaging the twm spots is not remoied b) these mea- 
surements, though it IS undoubtedly maleriallv lessened It is aPo quite 
evident, how^ever, that as cutaneous diagnostic tests have been used, 
the greatest pla) of judgment has occurred, not in estimating the com- 
parative Size of the aieolas, but in the subsequent decision a*' to whether 
or not the comparison warrants reporting the test as “negatue,’’ 
“positive,” ‘hveakly positnc.’ etc The actual measurement of the 
areolas makes it possible by rcpoiting merely the relation lietwccn two 
quantities to eliminate entirely this latter uncertainty 

The most obvious w^ays of expressing mathematicalli thic rela- 
tionship are to combine either the twm surface aieas of the areola‘s 
or the twm diameters to form either a difterencc or a quotient With- 
out going into the tlieoiy of local allergic phenomena, it ma) fairly 
be considered probable that the intensity of the biologic mechanisms 
responsible for dilatation of small blood vessels is related to the dis- 
tance from the inoculated points to which hyperemia extend^ (radii 
or diameters of the areolas) rather than to the number of arterioles 
imolved (surface areas) As to the mathematical rclationshijj to be 
used for connecting the diameters — if the control reactions w^ere 
always the same, it would be proper to suppose that the intensity 
of the biologic reaction to the typhoidin was more or less propoi tional 
to the excess of the test-areola diameter over that of the control spot, 
I e , that the difference between the twm diameters should be used as 
a basis for comparison But the fact that there is considerable indi- 
vidual variation in the reactions due to the trauma of the chisel itself, 
with or without the control application, suggests that thei e is a corre- 
sponding variability in the extra extension of the hyperemia by the 
typhoidin, independent of any immunity mechanism If this is true. 
It follow's that the ratio of one diameter to the other is a better index 
of the relative intensity of the reaction This ratio (diametei of the 
typhoidin spot divided by that of the control) may be termed the 
typhoidm quotient Whatever its merits, it will be realized that the 
process of obtaining the typhoidin quotient is exactly what is attempted 
subconsciously w’^henever one interprets such reactions by simple inspec- 
tion For example, if in a given case the control diameter is 2 mm 
and that of the test spot 4 mm the reaction will invariably be judged 
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positive, whereas with the same or even greater difference in the 
diameters the test will be considered negative or doubtful if the areolas 
measure 10 or 12 mm The parallelism will be noted to the well known 
Weber-Fechner psychological law governing sensations 

Considerable experimental evidence will of course be rcquiied 
before it can be stated that these quotients indicate relative degrees of 
protection against typhoid fever, though m a geneial way this may be 
expected to prove true What is urged is that it is possible, not only 



Fig 1 — Relation of the typhoidm quotient to the previous history of typhoid 
fever or vaccination Dotted line indicates those supposed to be immune, solid 
line the nonimmunes Numbers at bottom show the four classes according to 
typhoidm quotients, figures at left show percentages in each group 

m typhoidm but also in tuberculin and other related cutaneou'? tests, 
to eliminate much of the observers’ personal element by reducing to 
figures the process of “reading’’ the reactions In ■'new of this 
increased objectiveness and the way thus opened for quantitative 
analyses, it is felt that at least for purposes of record and reporting, 
these quotients deserve to come into general use Clinical records of 
cutaneous reactions to be complete should give both of the diameters 
and their decimal quotient 
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The diameter of the chisel has not been deducted fiom the diam- 
eters of the two areolas before computing the quotient, for the icasoii 
that this quantity m both dividend and divisoi keeps the quotient 
within leasonable bounds (otheiwise it would appioadi infinity vhen 
the contiol reaction was slight oi absent) and in no way interferes 
with its usefulness Chisels should of course be of uniform width 
The subjects consisted of 162 induiduals. lift} -eight women and 
104 men, who were mostly fiom among the staft, students, muses 
and employees of the Univcisitv of California jMedical Dcpaitmcnt 
and Hospital, and fiom the depaitments of dcntistiy and pharmacy 
Most of them were young adults, a few were middle .igcd 
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Fig 2— Average of typhoidm quotients of imnnines, tliose A\ho lia\c had 
typhoid fever, those who have had army vaccine, and those who liaic had sensi- 
tized vaccine 

RELATION or THE TYPHOIDIN QUOTIENT TO THE IIISIORY OF PREVIOUS 
TYPHOID FEVTSR OR VACCINATION 

For showing this relation the cases were divided into fotii groups 
accoiding to their typhoidm quotients The fiist group consists of 
sixty-fi\e persons with typhoidm quotients 1 33 or less, the second of 
fifty-three with quotients from 1 34 to 1 66, the thud of sixteen with 
quotients from 1 66 to 1 99 , and the fouith group of twenty-one with 
typhoidm quotients of 2 or over The solid line of Figure 1 shows the 
peicentage of supposedly nonimmunes m each of these groups The 
numbers at the left indicate percentages, those at the bottom the groups 
according to typhoidm quotients In connection with each dot indicat- 
ing a percentage the number of cases m the group is given and the 
number of nonimmunes, that is, the figures from which the corre- 
sponding percentage is obtained The dotted line shows the percent- 
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ages of those m the different groups who have been vaccinated against 
typhoid, or who have had typhoid fever From the figure it will be 
seen for example, that for a subject with a typhoidm quotient of from 
one to one and two-thirds, the chances that he belongs to the immune 
or nommmune group are about equal, while if his typhoidm areola 
IS at least twice the diameter of the control (quotient 2 or over) the 
chances are about three out of four that he has had typhoid fever 
or vaccine 

The vaccinations were all from one-half to two and one-half years 
previous to the test , the cases of typhoid fever dated back from a few 
weeks to twenty-five years Those who had had typhoid fever or dif- 
ferent kinds of antityphoid vaccination were not numerous enough in 
the different groups to warrant separate comparisons 



Fig 3 — ^Variation in typhoidm quotients among supposedly nonimmunes, 
that IS persons with “negative” history Numbers at bottom indicate groups 
separated according to typhoidm quotients, at left percentages of the total num- 
ber of the nonimmunes (seventy-two) 

Figure 2, however, shows the relation of typhoidm quotients from 
a slightly different point of view, the average quotients being charted 
separately of those with negative history (72 cases) those who had 
had typhoid fever (15 cases), those who had had army vaccine (18 
cases), and those who had received the sensitized vaccine of Gay and 
Claypole^ (52 cases) 

Those with histoi y of typhoid fever and those who have had army 
vaccine have nearly the same average quotients, about 1 60; those with 
negative history have the lowest average, 1 40 , while those who had 
received sensitized vaccine have an intermediate average The lower 
average quotient for the sensitized vaccine group is notwithstanding 
the fact that the majority of these subjects were vaccinated from one 
to two years ago, while most of those who had had army vaccine 
were vaccinated two and one-half years ago 
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The seventy-two who denied having had .intitjphoid \.iccination or 
typhoid fevei (in questioning the subjects caic was taken to rule out 
so far as possible unrecognized Uphold) had typhoidin quotients 
langing from 0 75 to 2 50 and avci aging 1 40 The distribution of 

these values is shown in Figuic 3 

A certain percentage of individuals w ith negative history ha\ c had 
unrecognized typhoid fever Sawwci* and Ha'i and Ckupolc' ha\c 
show'll that these cases may be considciabl} moie numcious than has 
been commonly supposed , and thc} may account for a certain number 
of the high quotients in peisons with negatne history Figure 3 shows, 
however, that in the vast majoiity of the negatne cases thc reaction 
IS definitely more to the typhoidin than to thc control application, so 
that the reaction can haidlv be called even "probably positnc” unless 
the quotient is w'ell over 1 50 It may be added that Figure 3 showing 
the wide variation of lalues m the "negatne history” group is fairly 
representative of conditions in the diftcrcnt groups of supposedly 
immunes 

A few of the low' quotients in persons who give a history of hat- 
ing had t)'phoid fever mav be accounted foi b} mistaken diagnosis, 
but probably most of them should be considered as failures of thc 
test One physician w ith quotient of 1 00 had typhoid fcvei w ith 
positive Widal three years previously A hospital patient w ith a quo- 
tient of 1 11 had had proved typhoid fever, wdiich subsided about seten 
w'eeks previously — ^possibly his typhoidin reaction w'ould be strongei 
at a later date 

Gay and Foice m some instances found typhoidin reactions appear- 
ing as early as six hours and eaily fading This I believe to have 
been true m some of the cases in this scries and possibly a few' of 
the failuies may be thus accounted for, but the six-hour observations 
w'hich it w'as possible to make were so few' that it w'as thought better 
to omit them entirely from the analysis 

From Figure 3 it will also be seen that it is not the occasional case 
that departs fai from the general average, but that there is a very 
general wide scattering , so that the probable error in any given case 
IS large This has been determined to be 022 by the use of die fol- 
lowing formula ® 

Probable error of a single observation = -l- 0 6745 -vl — 

~ ^ n — 1 

when S = the sum of the squares of all the quotient differences from 
the mean, and n = the number in the series That is, in any given 

4 Sawyer, Wilbur A Ninety-Three Persons Infected by a Typhoid Carrier 
at a Public Dinner, Jour Am Med Assn , 1914, Ixiii, 1537 

5 Stewart and Haldane Elementary Practical Physics, Edit 2, p 267 
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case in this group the chances are even that the quotient will differ 
from 1 40 (the general average) by more or by less than 0 22 

The probable error in the average quotient itself is 0 045 as deter- 
mined by the formula 

j s 

Probable error of the mean of the whole =4- 0 6745 :: = 

~ ^ n (n — 1) 

That is, the chances are even that the true average quotient for 
nommmunes, supposing it to be based on thousands of observations, 
would lie within or without the limits 1 355 and 1 445 As stated 
above, this amount of variation m the quotient values among non- 
immunes is representative of the typhoidm quotient variability among 
the immunes 

CONCLUSIONS 

1 The use of typhoidm, tuberculin and other ‘'quotients” in inter- 
preting cutaneous diagnostic reactions is urged, for the reason that 
objectiveness is thus increased and quantitative analyses made 
possible 

2 In individual cases the test as here used has a high probable 
error and is therefore not conclusive 

3 It has a neutral significance when after twenty-four hours the 
typhoidm quotient is m the region of 1 40 to 1 50, that is, when the 
typhoidm spot is about one and one-half times the diameter of the 
control 

4 When the quotient is considerably above 1 50, immunity to 
typhoid fever is suggested 

5 When it is considerably below this value nommmumty is 
suggested 

When applied by statistical methods to groups of cases it may, 
however, be capable of much more definite interpretation as a quali- 
tative index of typhoid immunity, since the general averages m this 
series of cases as well as m those previously reported by Gay and 
Force^ show well-marked average differences m reaction between the 
immune and nommmune 

It is suggested, furthermore, that when applied m this way to 
sufficiently large groups of cases, the typhoidm quotient may prove 
useful as a quantitative index of typhoid immunity 

For Aaluable assistance I am indebted to Dr Ethel M Watters and for 
criticisms and suggestions to m}”^ colleague, Dr James L Whitney 



THE SPLENIC PATHOLOGY OF PERNICIOUS 
ANEMIA AND ALLIED CONDITIONS 

A DUODENAL METHOD 01 ESTIMATING IIEMOIA SIS ^ 

J P SCHNEIDER MD 
MI^^I \rous 

j I 

The spleen is dismissed ^^ltll brevity in levlbooks cn pathology 
Current medical hteiature fails to rc\cal a sciious study of its his- 
tology, normal and pathologic 

In a close association \Mth Piofcssoi Dr Hans Eppmger and his 
co-workers in the \on Nooidcn clinic during the past year, I had 
opportunity to study not only the microscopic material obtained from 
that clinic, but in addition, many specimens loaned b} Banti and 
Weidenreich 

The second part of this paper will deal wuth a study of the duo- 
denal contents in a series of nineteen cases wnth a ^ lew of presenting 
a relatively simple yet accuiate method of measuiing the pleochronuc 
and urobilinochohe so characteristic of the aboie splenic patholog} 

PART I 

From Biermer’s first definite and popular clinical conception of 
pernicious anemia m 1868 to Ehrlich’s hematological studies in 1892, a 
host of workers contributed to the elucidation and confusion of this 
fatal malady It was Syllaba in 1904 who first clearly recognized and 
properly emphasized the icteric feature of pernicious anemia 

In a demonstration of the splenic pathology of pernicious anemia, 
hemolytic icterus and hypertrophic cirrhosis, befoie the Society foi 
Internal Medicine m Vienna m November, 1913, Eppmger gave the 
profession for the first time the results of many months of labor, sug- 
gesting what certainly amounted to an innovation, splenectomy foi 
the first and last of the above conditions 

Prefacing his study of the pathologic picture in that most difficult 
and little understood organ with a survey of the normal histology as 
taught by Weidenreich, he pointed out the necessity of a pioper 
schematic conception, to-wit 

Followung the blood vessels as they travel se the trabecular par- 
tition, we find when a lumen of 0 2 mm is reached the artery leaves 

* Submitted for publication Aug 28, 1915 

^ From the Department of Medicine, University of Minnesota 

*Read before the Pathological Society, April 20, 1915 
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the wall and penetrates a follicle It is now known as the central 
artery, and is characterized by a fairly heavy wall From this, laterally, 
spring numerous follicle capillaries of very delicate structure and first 
demonstrated in serial section by Weidenreich These lose their iden- 
tity m the margin of the follicle and the so-called pulp area Follow- 
ing the central artery out from the follicle we have the pulp artery 
with its characteristic spindle-celled intima This last portion now 
ends its existence as an artery in the so-called “Hulsen arteries” phase 
with iio Schwaiger-Seidel wall Via a capillary, phase communication 
IS established with the venous sinus This latter is generally accepted 
as practically a closed space, making up the bulk of the red pulp of 
the spleen Lined with “Stahsellen,” with their prominent nuclei, the 
basement membrane is probably very elastic, supported by ring fibers 
The sinus empties by means of a vein, leaving the pulp and following 
the trabecular wall 

Experimental injection of the spleen via the arteiy seldom per- 
mits of filling of the sinuses On the^contrary, the injected material 
is seen to leave the aitery m the peripheral zone of the follicle or the 
outlying pulp parenchyma Foreign corpuscles introduced intra- 
venously come to he in this region 

A survey of a section from a spleen removed at operation m a 
case of pernicious anemia shows, contrary to what the organ findings 
m general would prepare one for, a great richness m blood, this rich- 
ness limiting itself predominatingly to the pulp areas — the sinuses 
being comparatively empty 

All varieties of erythrocytes can be seen, and not infrequently is 
met the picture of engulfed cells m the macrophages in the sense 
of Dommici A diapedesis of erythrocytes into the sinus is seen. 

It now becomes pertinent to inquire as to the manner m which 
these great masses of erythrocytes get into the pulp area 

Physiologically, the central artery has thick walls In a section 
through this artery m a spleen of pernicious anemia the arterial wall 
is, however, of enormous thickness Characteristic is the media with 
its masses of inlaid hyalin Prepared with Mallory’s stain, this appears 
as a heavy mass of red-brown tint In certain sections, filling the 
arterial wall almost to the point of complete obliteration, this degener- 
ation feature extends out far into the pulp phase of the artery. 

It IS Eppmger’s conception that this lumen-obliterating pathology 
works a hindrance to the normal blood stream m so far as to force 
an unusual amount of blood to travel via the capillaries directly into 
the pulp area Once in contact with the connective tissue spaces of 
the pulp area, the erythrocyte is marked for destruction It is a fact 
that the efferent artery of the follicle has a physiologic lumen rhythm. 
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controlled by the nerve supply, looking to the regulation of licmol}sis, 
for Thoma found that he could best inject the sinuses via the artery 
with coloring matter when he added atiopin Conti ary to the con- 
ception of Addis, hemolysis occuinng to the extent of allowing the 
detection of free hemoglobin m the spleen is rate, and whether 
engulfed by the phagocytic endothelial cells oi not, the actual hemol- 
ysis occurs ill the Kupffer cells of the liver peienchyma 

In one of my illustrations fiom a case of hemolytic icterus is seen, 
as in pernicious anemia, a pulp area packed with erythrocytes, with 
the sinus space lelatively empty 

In hypertrophic cirrhosis, so-called, the spleen piesents to a less 
exquisite degree this hyperemia of the pulp and, on the contrary, a 
marked degree of fibroademe This is propei ly regarded as an expres- 
sion of a corrective tendency, for early in tlio life history of this 
type of cirrhosis during the acute catarrhal icterus attacks, tlie spleen 
piesents a similar picture of acute hypersplenie 

PART II 

In animal experimentation the administration of a simple large 
dose of an hemolytic agent produces a passing change only in the 
total blood picture, so quickly does the vicarious activity of the bone 
marrow come into play It is therefore not improbable that in human 
pathology the hemolytic factor is missed entirely until the activity of 
the bone marrow shows signs of failure 

Up to the present our safest means of arriving at some compre- 
hension of the severity of the process has been the degree of imma- 
turity of the elements m the blood stream We have no adequate 
means of arriving at a valuation of the blood-destroying factor, and 
yet the blood-picture must of necessity be regarded as the sum total 
of the blood-destroying factor set against the blood-buildmg factor 
The fundamental factor is the former The worth of this basic hemo- 
lytic factor we are now m a position to estimate m a quantitative study 
of the blood-denved pigment 

In the haunts of the liver-spleen circulation the erythrocyte is 
physiologically made hors de combat The resulting hematm is metabo- 
lated into bilirubin in the liver parenchyma cell In the bowel tract this 
latter is reduced after bacterial fashion into urobilinogen A portion 
of this IS lost m the stool, partly as the mother substance above and 
partly as urobilin The greater part is returned to the liver via the 
portal system, there to be synthesized into bilirubin and possibly 
hemoglobin 

Eppinger, therefore, m his earlier work foresaw that the estima- 
tion of the urobilin stool output must yield a very valuable measure 
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of the hemolytic factor Applying the method evolved by Charmas 
he found normally an excretion per diem of 0 12 to 0 15 gm In 
cases of hemolytic icterus he postulated a higher total, but he was 
scarcely prepared for the enormous values found, 1 75 to 3 95 gm ; 
namely, from fourteen to twenty-three times the normal In per- 
nicious anemia 0 24 to 1 14 or two and a half to seven times normal 
values In anemia secondary to carcinoma, on the contrary, the values 
were around 0 012 or 1/10 normal In cases of hemolytic icterus and 
pernicious anemia, following splenectomy he found m both instances 
a reduction to from 0 01 5 to 0 062 gm per diem It was this similarity 
in hemolytic values as measured by the stool urobilin output that led 
Eppmger to have splenectomy performed m pernicious anemia, and 
to study more closely the pathology of the spleen so recovered For 
it may be remarked in passing that for microscopic study the sur- 
gically removed spleen, secured by tying off the artery first, is of value 
only as against the postmortem spleen where the final bone marrow 
exhaustion and depleting hemorrhages too completely overshadow the 
primary fulminating blood-destroying process 

Woiking under Eppmger, Bondi began m 1913 a study of the 
blood derived pigments m duodenal contents removed with Emhorn’s 
duodenal tube, applying the Charmas method for a measure of the 
urobilmocholie He argued that such estimations made, so to speak, 
at the very fountain-head of the pigment source must of necessity 
be less influenced by many factors working variations on the stool 
and urine output In general he found values running parallel with 
the stool findings, but. owing to the involved and not entirely accurate 
method of Charmas, he contented himself in most instances with a 
simple statement of the gross character of the bile and a qualitative 
test for urobilin and urobihogen 

Wilbur and Addis^ in a very comprehensive and valuable study 
of the hemolytic values as found in the urinary and stool output 
came to the conclusion that of the two the latter gave promise of 
yielding the most fruitful help Using the spectroscopic method, it is 
their distinction to have emphasized the superiority of this method 
and the necessity of determining the value of urobilin and urobilinogen 
by the same standard, at the same time, in order to arrive at a correct 
worth of these very labile pigments 

Stimulated by close association with the workers of the von 
Noorden clinic during the greater part of 1914 into the conviction 
that our knowledge of that fatal malady, pernicious anemia, was on 
the threshold of elucidation, the author on his return applied himself 
to the problem of adapting to the duodenal contents some method 


1 Wilbur and Addis The Archives Int Med, 1914, xiii, 235 
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of estimating the bile pigments other than the time-consuming one 
of Charmas 

In the method of Wilbm and Addis as applied to the mine the 
author found a simple, lapid and fanly accurate method for measur- 
mo- the urobilmocholie Since, howcvci, the first cxpicssion of hemol- 
ysis is the pleochromie, it is of piimc importance in the duodenal 
contents to estimate also, with some degree of accuracy, the liilirubm 
content This is accomplished by the Huppert method, in so far as 
to allow of expressing the values secured, properly, as — }- 

or — ( — {- 

TECHNIC 

Relative to the technic of securing the duodenal contents, a little needs to 
be said in the present state of diversity of methods Contrary to the idea of 
certain workers, including Crohn and Rchfuss, it is not only not ncccssarj to 
give food to secure secretion but distinctly undesirable The mechanical stimu- 
lation of the metal bulb is all sufficient for sccrctor\ stimulation, and has the 
great advantage of enabling one to deal with undiluted, unmodified secretions 
In the second place the capillary-sized tube is to be preferred over one of larger 
caliber, owing to the help secured by capillarity At no time is it necessary or 
wise to apply suction In the third place the time element is m favor of the 
above simple method in that it enables the securing of the contents in a remark- 
ably short space of time — the average time consumed m arriving in the duo- 
denum being twenty-five minutes 

The patient is prepared by allowing him to go food-free for twelve hours — 
an empty stomach is imperative With the patient sitting, tlie bulb is placed 
on the posterior tongue, a swallow or two of water taken, and with puckered 
lips a sucking action is alternated Avith intervals of sw-allowing, teaching the 
patient at the same time the value of deep breathing to control nausea Once 
the bulb has passed the cricoid ring level the disagreeable features are over 
The further progress of the tube is largely beyond the control of patient and 
operator in that peristaltic action pulls the tube onward and the patient simply 
gives way to the tense tube by supplying more On 80 cm being reached the 
patient is placed on his right side close to the edge of the bed with hips elevated 
from 10 to 12 inches This makes the pars pylorica the most dependent portion 
of the stomach In from ten to thirty-five minutes the tube will have been 
earned into the duodenum and it now stands at 90 cm If at any time the flow 
appears to be checked for an abnormally long time a few cubic centimeters of 
water are forced into it to dislodge the occluding particles During this period 
It IS necessary to test with red litmus the contents as it appears at the orifice 
of the tube each few minutes, for neither the required depth of tube nor a 
proper bile-colored contents are a sufficient guide as to the position of the tube 
li must leact alkaline to litmus This alkaline-reacting portion is segregated, 
and after sufficient is secured for the work in hand the tube is removed and 
the contents immediately made use of in the following manner 

1 Gross Appearance — Color This is of prime importance and four distinct 
shades are found The chocolate-yellow secretion is characteristic of pleo- 
chromie It always yields a -k + + value bilirubin The normal yellow bile 
may vary in opacity according as it is rich in bile acids admixed with hydro- 
chloric acid This is by many erroneously regarded as mucus The lighter 
shade of yellow is significant of a duodenal secretion poor in biliary pigment, 
just as the colorless secretion is proof of absence of pigment 

2 Bilnubtn — ^To 10 cc of duodenal contents are added 10 cc of an alkaline 
solution of calcium chlorid After vigorous shaking this is filtered The pre- 
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cipitate IS dissolved under gentle heat in 10 cc of acid alcohol and the result- 
ing green solution concentrated to a given volume By colorimetric comparison 
with a standard green solution the quantity is indicated as +, +4-, or +++ 

3 Urobilin and Urobilinogen — ^To 10 cc of duodenal contents are added 
10 c c of Schlesinger’s solution, the whole thoroughly shaken and allowed to 
filter The filtrate should be inclined to be slightly alkaline, if not, a drop or 
two of dilute ammonia solution are added The filtrate will in the presence 
of urobilin show a more or less pronounced green opalescence To 10 c c of 
this filtrate are added 1 c c of Ehrlich’s benzaldehyd solution ■ In the presence 
of urobilinogen a red color will develop This is allowed to stand in a dark 
place for fifteen minutes, when it is subjected to a spectroscope study for the 
values of both urobilin and urobilinogen The acid character of Ehrlich’s solu- 
tion enhances the absorption bands of both these pigments many fold, the 
urobiluiogen band being a very dense, narrow one in the yellow and the urobilin 
a wide one covering all of the blue into the green, the acid shifting the latter 
to the blue side 

The above solution is read m a graduate, and dilutions made with 95 per 
cent alcohol, until a point is reached for each pigment where the absorption 
band will have disappeared at a fixed median position of the aperture, to again 
reappear with two revolutions of the aperture towards closure® The number 

In developing this method as applied to the duodenal contents it would 
appear that bilirubin being so concentrated would present a practical difficulty 
in that It gives a diffuse absorption of the spectrum Wilbur and Addis, work- 
ing with the products of gallbladder fistulae, etc, made use of fullers’ earth 
to remove bilirubin I found that it did so but that it also removed especially 
urobilin If the original 10 cc are well shaken with Schlesinger’s solution 
before filtering, practically all of the bilirubin is removed, the retained quantity 
causing no error or inconvenience owing to the fact that the end-stages are 
read in a highly diluted medium where any slight diffuse absorption of the 
spectrum no longer operates 

That the above simple method is quite as accurate as one first 
removing- bilirubin -was established by comparing the values thus 
seemed -with those arrived at in which bilirubin was removed by the 
Huppert method prior to adding Schlesmger’s solution 

After having arrived at a safe technic, the following studies were 
made, covering a total of nineteen cases during a period of five months 

MATERIAL EXAMINED 

Case 1 — A , Dec 15, 1914 Diagnosis pernicious anemia Blood count, 
1,000,000 , hemoglobin, 22 , index, 1 1 , macrocytes , macroblasts Duodenal tube 
introduced, 9 30 Opalescent, debris considerable, after fifteen minutes yellow 
tinge, negative to Congo throughout, total quantity of gastric secretion 60 cc 
Total achylia, microscopic, spirals, polymorphonuclear cells with nuclei retained 
Entered duodenum at 9 50 Tube removed at 11 30 Total quantity 70 c c 
Very dark chocolate yellow color, alkaline to litmus, microscopic negative 
Bilirubin, + + + , urobilin, + + + , urobilinogen,-! — |- 4- Feces guaiac 

negative Urine bilirubin, 0; urobilin, 4- 


2 ParadimethylaminobenzaIdeh 3 ’^d, 2 gm , acid hydrochloric, 15 c c , aq 
dest , 15 c c 

3 Kiichhoff and Bunsen, large model, page 12 

of dilutions required for each element multiplied by twenty (5 c c of the original 
duodenal contents) will be the dilution value per 100 cc Following the basis 
used bj’- Wilbur and Addis, I have reduced the ^alue to the scale of 1,000 cc 



38 


THE ARCHIVES OF INTERNAL MEDICINE 


Dec 30, 1914 Blood count, 930,000, hemoglobin, 25, index, 1 3, inaciocjtes, 
etc Duodenal tube introduced, 9 00 Opalescent, much debris, after ten min- 
utes yellow, negative to Congo, total 35 cc , total achvlui, microscopic, same 
as previous examination 

Duodenum entered at 9 20 Tube rcmo\cd at 11 00 Total quantity, 100 cc 
Exceedingly dark, alkaline to litmus, microscopic, negatne Bilirubin, *f + + , 
urobihn, 3,000, urobilinogen, 3,000 Total, 6,000 Urine bilirubin, 0, urobilin. 
1,200 

Jan 1, 1915 Blood count, 2,000.000, hemoglobin, 45, index, 12, resistance. 
045-0 30 Duodenal tube introduced 9 35 Less debris, after ten minutes light 
yellow, negative to Congo, total 50 cc Tube rcmo\cd 10 40 Dark jellov. 
Bilirubin, + + + , uiobihn, 2,000, tirobiVnogcn, 3,600 Total, 5,600 

Feb 25, 1915 Blood count, 2,400,000, hemoglobin, 54, index-, 11, no 
blasts Duodenal tube introduced 9 20 Tol.al 25 c c Duodenum entered at 
9 45 Tube remoAed 10 40 Total 45 cc Less dark Bilirubin, -f + + , 
urobihn, 1,600, urobilinogen, 2,000 Total, 3,600 

March 20, 1915 Blood count, 2,600,000, hemoglobin, 60 Patient up m 
wheel chair Duodenal tube introduced 9 35 Ditto Total, 40 cc Duodenum 
entered at 9 55 Tube remo\cd at 10 50 Total, 40 c c Dark jellow Bili- 
rubin, + -j- + , urobihn, 1,400, urobilinogen, 1,600 Total, 3,000 

Case 2 — E P Dec 26,1914 Diagnosis sccondarj anemia* Blood count, 
2,000,000, hemoglobin, 30, index, 75, amsoc\tosis and poikiloc\losis Duodenal 
tube introduced 9 30 Milky secretion, much debris, after fifteen minutes yel- 
low tinge Entered duodenum at 10 00 Tube removed, 11 00 Total quantiU. 
80 cc, light yellow, alkaline, microscopic cell debris, red blood cells Bili- 
rubin, + + , urobilin, 1,C00, urobilinogen, 0 Total, 1,000 Urine bilirubin, 0, 
urobihn, 0 

Case 3 — B Dec 18, 1914 Diagnosis ulcus \cntriciih Blood count, 
etc, normal Duodenal tube introduced, 9 10, opalescent, later light \ello\\ , 
Congo, -4- , total acidity, 39 , total free, 29 , free nuclei , sponng j east Entered 

duodenum, 9 35 Tube removed at 10 20 Total, 50 c c , light ^cllo^^ , opaque 

Bilirubin, + + , urobihn, 100, urobilinogen, 0 Total, 100 

Case 4 — S H, Dec 26, 1914 Diagnosis pernicious anemia Blood count, 
1,500,000 , hemoglobin, 30 , index, 1 , macrocytes and macroblasts , leukoc 5 d:cs, 
3,500 Duodenal tube introduced, 9 30 Opalescent, later yellow, Congo nega- 
tive Entered duodenum, 10 10 Tube removed, 12 15 Total quantity, 60 cc 

Very dark chocolate yellow, alkaline Bilirubin, urobihn, 2,000, 

urobilinogen, 1,800 Total, 3,800® 

Case 5 — ^M M Dec 26, 1914 Diagnosis gallbladder carcinoma® Blood 
normal Duodenal tube introduced, 10 00 Much debris, Congo positive, total 
acidity, 60 , free acid, 40 , total quantity, 60 c c , microscopic, no sarcinae or 
yeast Entered duodenum, 10 50, alkaline to litmus, milky, at no time yellow, 
total quantity, 35 cc Tube removed at 12 10 Bilirubin, 0, urobilin, 0, urobili- 
nogen, 0 Total, 0 


4 Postmortem eight months later revealed Laennec’s cirrhosis with bleeding 
esophageal varices as the cause of the secondary anemia 

5 After keeping duodenal contents in open flask exposed to room light for 
eight hours, urobihn value was found to be 1,800 and urobilinogen 1,000 Hence, 
while urobilinogen was being converted into urobihn, the latter was also dis- 
appearing into an unknown form After twenty-four hours all traces of both 
had disappeared 

6 Postmortem examination four months later revealed adenocarcinoma, 
primary, of gallbladder with complete obstruction of common duct by direct 
extension 
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Case 6 — F J Dec 29, 1914 Diagnosis secondary anemia Blood 
count, 2,500,000, hemoglobin, 17, index, 0 34, anisocytosis, poikilocytosis Duo- 
denal tube introduced, 10 00 Milky, much debris, Congo positive Duodenum 
entered, 1 00 , removed, 12 15 Quantity, 40 c c , light yellow Bilirubin, + + , 
urobilin, 0, urobilinogen, 0 Total, 0 

Case 7 — Mr R Jan 5, 1915. Diagnosis ulcus ventnculi Blood not 
recorded Duodenal tube introduced, 9 35 Opalescent, after twenty-five min- 
utes yellow tinge, quantity, 115 cc , Congo positive, total acidity, 60, free 
acid, 55 , microscopic red blood cells , debris , no sarcinae Entered duodenum, 
10 00 Tube removed, 11 00 Quantity, 80 cc ; light yellow Opaque and 
stringy, alkaline at periods and again acid Bilirubin, + + , uiobilin, 600, 
urobilinogen, 600 Total, 1,200 

Case 8 — A R Jan 6, 1915 Laennec’s cirrhosis Blood count, 4,700,000, 
hemoglobin, 85 , index, 1 — Duodenal tube introduced, 9 00 Much mucus , later 
yellow tinge, Congo plus Entered duodenum, 9 40 Tube removed, 10 40, 
quantity, 50 c c , faint yellow Bilirubin, + , urobilin, 1,000 , urobilinogen, 0 
Total, 1,000 Urine bilirubin, 0, urobilin, + 

Case 9 — Miss M Jan 7, 1915 Vagotonia Blood negative Duodenal 

tube introduced, 9 15 , much salivation , opalescent , later yellow , Congo plus , 
total acid, 50, free acid, 45 Total gastric secretion, 70 cc Entered duodenum, 

9 45 Yellow and opaque, alkaline and acid alternating, total, 30 cc , tube 
removed, 10 05 Bilirubin, ++, urobilin, 200, urobilinogen, 0 Total, 200 
Stool guaiac negative 

Case 10 — ^J S Jan 11, 1915 Diagnosis gastric carcinoma Blood count, 

1.900.000, hemoglobin, 37, index, 0 95, resistance, 045-025, normoblasts, 

megaloblasts Duodenal tube introduced, 9 30 Milky, much debris, later 

yellow tinge , quantity, 55 c c , Congo, negative , Wolff-Junghans, positive, 1-400 
Entered duodenum, 9 50 Tube removed, 10 50 Total quantity, 60 cc , very 
light yellow Bilirubin, •+-, urobilin, 100, urobilinogen, 0 Total, 100 Stool 
light color, guaiac positive repeatedly on meat free diet 

Case 11 — Mr E. Jan 13, 1915 Diagnosis hard liver Blood count, 

4.500.000, hemoglobin, 70, leukocytes, 7,000, red cells chlorotic Duodenal 
tube introduced, 9 00 Milky, much debris, later yellow, Congo negative, 
total, 50 c c Entered duodenum, 9 20 Light yellow , alkaline Tube removed, 

10 20, total, 30 cc Bilirubin, urobilin, 100, urobilinogen, 0 Total, 100 

Case 12 — Mrs E Jan 15, 1915 Diagnosis colloid goiter Blood not 

recorded Duodenal tube introduced, 8 40 Milky, much mucus, Congo nega- 
tive , total, 50 c c Microscopic, shreds of epithelium Entered duodenum, 9 15 
Removed, 10 00 , total, 50 c c , light yellow Bilirubin, + + , urobilin, 0 , 
urobilinogen, 0 Total, 0 

Case 13 — ^Mr S Jan 19, 1915 Diagnosis Laennec's cirrhosis Blood 
count, 5,500,000, hemoglobin, 98, index, 1 — Duodenal tube introduced, 9 00 
Much debris, Congo negative, no Boas-Oppler bacilli Entered duodenum, 

9 35, removed, 10 00) total, 85 cc , medium yellow, much debris Bilirubin, 
-1-+, urobilin, 1,200, urobilinogen, 0 Total, 1,200 Urine bilirubin, 0, 
urobilin, 4- 

Case 14 — ^J C Jan 23, 1915 Diagnosis cardiac incompensation, luetic 
Blood count, normal Duodenal tube introduced at 9 20 _ Opalescent, later 
yellow , Congo positive , total acidity, 20 Entered duodenum, 9 45 , normal 
yellow , alkaline , total in one hour, 50 c c Bilirubin 4- 4“ , urobilin, 0 , uro- 
bilinogen, 300 Total, 300 Urine bilirubin, 0, urobilinogen, 600 

C\SE 15 — ^J H Feb 2, 1915 Diagnosis pernicious anemia Blood count, 

1.100.000, hemoglobin, 27, index, 12, normoblasts Duodenal tube intro- 
duced, 9 40, first opalescent, much debris and shreds, later yellow tinged, 
Congo negative , total, 100 c c , no lactic Entered duodenum, 10 20 , verv 
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dark chocolate yellow, alkaline, total, 30 cc Microscopically bile casts 
Bilirubin, + + 4-, urobilin, 4,000, urobilinogen, 2,800 Total, 6,800 Urine 
bilirubin, 0, urobilin, 1,000 

Case 16— Mr H Feb 13, 1915 Diagnosis pernicious anemia Blood 

count, 1,200,000, hemoglobin, 26, index, 12, normoblasts Duodenal tube 
introduced, 9 15 Milky, much mucus, Congo negatne Entered duodenum, 
10 00, removed, 10 50, total, 50 cc , ^cry dark yellow, alkaline Micro- 

scopically negative Bilirubin, + -f , urobilin, 2 000, urobilinogen, 1,200 
Total, 3 200 Stool very rich in urobilinogen Urine bilirubin, 0, uro- 

bilin, 1,000 

Feb 25, 1915 Blood count, 2,100,000, hemoglobin, 45, index, 1, no 
normoblasts Duodenal tube introduced, 9 25 , Congo negatn e, etc , total, 35 c c 
Entered duodenum, 9 45, removea, 10 30, total, 40 c c , dark jellow Bili- 
rubin, + + + » urobilin, 1,200, urobilinogen, 1,000 Total, 2,200 Urine 

urobilin + 

Tahli or Totais 


No 

Disease 

Bilirubin 

Urobilin 

Uro- 

bilinogen 

Total 

1 

Pernicious anemia 

-}- + + 

-k-k-k 

-k 4- -k 

-k4--k 

1 

Pernicious anemia 

4- -k -h 

3,000 

3,000 

6,000 

1 

Pernicious anemia 

4* + + 

3,000 

3 600 

5 600 

1 

Pernicious anemia 

+ + + 

1,600 

2000 

3,600 

1 

Pernicious anemia 

4- + 4- 

1,400 

1,600 

3,000 

2 

Secondary anemia 

-j- 

1,000 

0 

1000 

3 

Ulcus ventncuh 

+ + 

100 

0 

100 

4 

1 Pernicious anemia 

-f + + 

2,000 

1,800 

3,800 

5 

Gall bladder carci- 
noma 

0 

0 

0 

1 ^ 

6 

Secondary anemia 

-j — j- 

0 

0 

0 

7 

Ulcus ventncuh 

+ + 

600 

600 

1,200 

8 

Laennec’s cirrhosis 

4- 

1,000 

0 

1,000 

9 

Vagotonia 

4-4- 

200 

0 

200 

10 

Probable carcinoma 

4- 

100 

0 

100 

11 

Liver path 

4-4- 

100 

0 

100 

12 

Struma 

4- -k 

0 

0 

0 

13 

Laennec’s cirrhosis 

-k-k 

1,200 

0 

1,200 

14 

C a rdiac incompen- 
sation 

-k-k 

0 

300 

300 

15 

Pernicious anemia 

4- 4- -k 

4,000 

2,800 

6,800 

16 

Pernicious anemia 

-k -k -k 

2,000 

1,200 

3,200 

17 

Pernicious anemia 

-k-k 4- 

1,200 

1,000 

2;200 

Mesarteritis syphi- 
litica 

-k-k 

0 

0 

0 

18 

Vagotonia 

4-4- 

100 

0 

100 

19 

Pernicious anemia 

4-4-4- 

2,300 

2,500 

4,800 


Case 17 — Mr Nic C March 9, 1915 Diagnosis mesarteritis syphilitica 
Blood count, 6,000,000, hemoglobin, 83, chlorotic cells Duodenal tube intro- 
duced, 9 20, opalescent, later yellow, Congo plus, total acidit}'^, 36, free 
acid, 32 , total, 50 c c , no yeast or sarcinae Entered duodenum, 9 50 , normal 
yellow , opaque , alkaline , total, 50 c c Bilirubin, -f + , urobilin, 0 , urobili- 
nogen, 0 Total, 0 

Case 18 — P A March 17, 1915 Diagnosis vagotonia Blood normal 
Duodenal tube introduced, 9 30 , watery , later yellow , total, 85 c c , total 
acidity, 102, free, 80, free nuclei Duodenum entered, 10 30, opaque, yellow. 
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at times, only, alkaline , total, 60 c c Microscopic negative Bilirubin, + + , 
urobilin, 100, urobilinogen, 0 Total, 100 

Case 19 — Mr W April 13, 1915 Diagnosis pernicious anemia Blood 
count, 1,300,000, hemoglobin, 30, index, 115, normoblasts and megaloblasts 
Duodenal tube introduced, 9 00, opalescent, later yellow, little debris, Congo 
negative, total, 60 cc Entered duodenum, 9 15, dark chocolate yellow tint, 
removed, 9 45 , total, 30 c c Bilirubin, + + + , urobilin, 2,300 , urobilinogen, 
2,500 Total, 4,800 Urine urobilin, 1,000, urobilinogen, 100 Feces very 
rich in urobilinogen, guaiac, 0 


SUMMARY 

1 The early icteiic feature of certain types of pernicious anemia 
IS an expression of the primary fundamental hemolytic process of 
which the fully developed disease is a late hone-marrow exhaustion 

2 Eppinger’s hypothesis of hyperspleme furnishes a pathologic 
basis for the increased hemolysis Whatever the causa causormn, it 
must be regarded as established that it is through the instrumentality 
of the spleen that pathologic hemolysis is wrought 

3 The excessive hemolysis of pernicious anemia is attended by 
both a pleochromie and urobilmochohe 

4 Pleochromie is an expression of the immediate hemolysis; uro- 
bihnochohe of the heaped-up pigment m the portal system 

5 Whether in a crisis or remission period, pleochromie is a con- 
stant finding This is in complete harmony with the fixed pathologic 
change in the spleen 

6 Urobilmochohe varies directly as the portal system is sui charged 
or becomes relatively empty of the plus of pigment It is highest 
in crisis regardless of whether or not gross liver changes can be 
demonstrated 

7 Normally the duodenal secretion contains a certain level of bili- 
rubin, occasionally urobilin, but never urobilinogen in considerable 
amounts 

8 111 anemia of chronic gastro-mtestinal hemorrhage in which 
the blood picture may simulate genuine pernicious anemia, the duodenal 
estimation of bile pigments will definitely yield an absence of pleo- 
chromie and urobilmochohe 

9 The most constant blood finding m genuine pernicious anemia 
IS the high index This is an expression sOf the overplus of hemoglobin- 
building material heaped up in the liver. 

10 Essentially m both splenic anemia and m anemia of chronic 
gastro-mtestinal hemorrhage, the process is one of abnormal blood 
loss , in the former the pigment moiety is saved to the organism , m 
the latter definitely and completely lost 

414 Syndicate Building 



BLOOD UREA DETERMINATIONS IN 211 CASES'*' 
HAROLD SCHWARTZ, MD, aisd CAROLINE IvIcGILL, MD 

DUTTr, MONT 
LITERATURE REVIEW 

Increased urea in the blood was fiisl demonstrated in 1823 by 
Prevost and Dumas,’- while woikmg with nephrectomized animals 
Bostock," m 1829, noticed an incieasc in the blood urea of certain 
albuminurics Richard Bright^ uith his co-workers — Proul, Babbmg- 
ton, and Chiistison (1836) — confiimed this observation and recog- 
nized it to be of clinical impoitance in nephritis Babbinglon and 
Christison also made estimations of urea in body fluids 

Following the qualitative demonstration of blood urea, quantita- 
tive determinations were attempted by both French and German clini- 
cians Picard‘S (1856) was the first to determine that the amount of 
blood urea varies with the nitrogen intake 

Interest m the subject abated about this time, and for a period 
of forty years the references m the literature were infrequent 
Schondorff® (1899) levived the subject by an examination of the pre- 
vious work, adding to it his own more accurate results, which con- 
firmed the work of Ins predecessors He observed that the urea frac- 
tion of the total nonprotem nitrogen of the blood was variable 
Ascoli,® in 1901, using a precipitation method (acetic acid and sodium 
chlond), and Strauss^ (1902) with a similar method (heat and acetic 
acid), found that in cases of severe nephritis there was usually 
nitrogen accumulation He found a marked increase in the terminal 
state Muller® (1905) recognized urea retention to be of the highest 
value in diagnosing cases of uremia 

F Widal and Java!® (1905) found that urea was retained in some 
cases of Bright’s disease, and advocated a diminished protein diet in 
those cases 


Submitted for publication July 21, 1915 

1 Prevost and Dumas Ann de chimie et de physique, 1823, xxiii, 90 

2 Bostock Edinburg Med and Surg Jour , 1829, xxxii, 28 

3 Bright, Babbington, and Christison Guy’s Hosp Rep , 1836, i, 360 

4 Picard These de Strassburg, 1856 

5 Schondorff Arch f d ges Physiol (Pfluger’s), 1899, Ixxiv, 358 

6 Ascoli Pfluger’s Arch f path Anat, 1901, Ixxvii, 103 

7 Strauss Die Chronische Niereutzundungen in ihrer Emwirkung au£ die 
Blutflussigkeit und deren Behandlung, Hirschivald, Berlin, 1902 

8 Muller Verhandl der deutsch path Gesellsch, 1904-5, vii-ix, Supple- 
ment 80 

9 Widal and Javal Semaine med , 1905, xxv, 313 
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Von Noorden^® (1907) obtained inconstant findings, but believed 
that the nitrogen accumulation in the blood constituted one of the 
most important phenomena of renal insufficiency 

Obermayer and Popper^^ (1909) confirmed the results of previous 
workers, finding the incoagulable nitrogen higher in uremic cases than 
in normal cases, and emphasized especially the increase in the urea 
fraction They used heat and acetic acid for coagulation of blood 
proteins 

Hohlweg^^ (1911) used acetic acid and monopotassium phosphate 
half saturated with sodium chlorid, to precipitate the blood proteins 
He found increased values in uremia, but found them also in other 
conditions While he considered nitrogen accumulation m the blood 
nonspecific of uremia, he thought it was of some prognostic value 
WidaP® (1911) using the hypobromite method, based a prog- 
nosis on the amount of urea per liter, patients with 1 to 2 gm per 
liter rarely live more than a year, with 2 to 3 gm only months or 
weeks, and with more than 3 gm a very short time This prog- 
nosis, however, he did not apply to cases with renal obstruction, where 
such obstruction could be removed, as here he found the urea dropped 
when the obstruction was relieved He found the retention was more 
permanent in chronic Bright’s disease He believed the amount of 
blood urea was of definite value in the prognosis, especially of those 
cases difficult to determine from the clinical symptoms alone 

Foster’-^ (1912) using an alcohol precipitation and fractional sepa- 
ration method, found a considerable increase in nonprotein nitrogen 
in severe nephritis and in some other conditions When the total 
nitrogen reached 1 gm per liter, he regarded the prognosis as grave 
Rowntree and Fitz^® (1913) used the original Widal method in 
part of their determinations, but in the mam they precipitated by 
the Widal method and then determined the nitrogen by the Kjeldahl 
method They reported the results obtained m fifty-seven cases No 
increase of blood urea was found m suspected nephritis (i e, clin- 
ically) In mild nephritis the average was 0 38 gm urea per liter , in 
cases of advanced nephritis 0 783 gm per liter , cases of cardiac 
decompensation without nephritis 0 70 gm per liter, and cardiac 
decompensation associated with nephritis 0 831 gm per liter In sum- 
marizing, they believed that the accumulation of nonprotein nitrogen 
m the blood of nephritics was of considerable prognostic value When 

10 Von Noorden Metabolism and Practical Medicine, 1907, ii, 486 

11 Obermayer and Popper Ztschr f klin Med , 1911, Ixxii, 332 

12 Hohlweg Deutsch Arch f klin Med , 1912, civ, 216 

13 Widal Bull et mem Soc med d hop de Pans, 1911, xxxii, 627 

14 Foster The Archives Int Med, 1912, x, 414 

15 Rowntree and Fitz The Archiw:s Int Med, 1913, xi, 258 
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il occuiied it was coiifirmaloi y evidence of renal insufficictic) , whereas 
the absence of such increase was of less importance As a point in 
differentiating cardiac and lenal diseases they believed it was also 
of importance 

Frothingham, Fitz, Folm and Denis^° (1913) found that the blood 
urea and the phenolsulphonephthalein excretion varied from normal 
in animals subjected to expcnmenlal uranium ncphiitis, and the 
amount of such variation agreed with the amount of kidney destruc- 
tion They observed a gradual increase in urea as nephritis developea 
and a gradual decrease as the kidney recovered They concluded that 
the urea in the blood is a measure of the difference between the 
waste nitrogen urea produced in metabolism and the amount excreted 
in the urine Such a retention of nitrogen m experimental nephritis 
was found also by Siegeld" Pearce, PIill and Eiscnbicy,^® Austin and 
Eisenbiey,^° Fohn, Kaisner, Howaid and Dcnis"° and^ Mosenthal"’- 
(uranium, cantharidm, chromate, etc, ncphiitis) kloscnthal stated 
that there “Seems no doubt that kidney insufficiency in these cases is 
^lesponsible for the retention” Karsner*- also found retention in 
experimental arsenical nephritis, especially during the stage in which 
tubular destiuction was most marked 

Soper and GranaF^ (1914) studied a senes of ninety-seven cases, 
observing the urea content in spinal fluids Their work will be referred 
to later under discussion of body fluids 

Fohn, Denis and Seymour^^ (1914) leported a senes of clinical 
experiments showing the relation of the nonprotein nitrogen and of 
the urea of the blood of nephritics to the amount of protein intake 
Under low protein diet they were able to reduce the urea content 
from 0 67 gm per liter to practically a normal amount They con- 
clude that the rational means of determining protein tolerance is by 
determining the nonprotein nitrogen retention and not by blood pres- 
sure findings They found no connection between nitrogen retention 
and blood pressure as had previously been described by Strauss, who 
believed that the high blood pressure of nephritics is frequently asso- 
ciated with nitrogen retention 


16 Frothingham, Fitz, Fohn, and Denis Tnn Archives Int Med, 1913, 
XU, 245 

17 Siegel Ztschr f exper Path u Therap , 1907, iv, 561 

18 Pearce, Hill, and Eisenbrey Jour Exper Med, 1910, xii, 196 

19 Austin and Eisenbrey Jour Exper Med, 1911, xiv, 366 

20 Fohn, Karsner, Howard, and Denis Jour Exper Med, 1912, xvi, 789 

21 Mosenthal The Archives Int Med, 1914, xiv, 844 

22 Karsner and Denis Jour Exper Med, 1914, xix, 63 

23 Soper and Granat The Archives Int Med, 1914, xiii, 131 

24 Fohn, Denis, and Seymour The Archives Int Mfd, 1914, xiii, 224 
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Agnew^® (1914), using the method of Folin and Denis, found 
in the majority of cases of nephritis, when the excretion of phenol- 
sulphonephthalein was below 40 per cent , there was an increase in 
the nonprotein blood nitrogen and in the blood urea This did not 
hold true in cases of cardiac decompensation He found the inco- 
agulable nitrogen determinations valuable in the diagnosis of incipient 
uremia, coma, and in conjunction with phenolsulphonephthalem in 
cardiorenal diseases 

Frothingham and Smillie^’’ (1914), using the method of Folin and 
Denis, found many cases of chronic nephritis with normal nonprotem 
nitrogen in the blood Cases showing 0 35 gm per liter were clinically 
more severe than the cases with no retention, while the cases with 0 5 
gm or over were clinically of still more severe type No nonnephritic 
cases showed nitrogen retention They found that the excretion of 
phenolsulphonephthalem varied inversely with the retention of nitro- 
gen, except in cases of cardiac decompensation Blood pressure and 
pulse pressure they believed to be of less prognostic value than nitro- 
gen retention 

Tileston and ComforF® (1914), following the technic of Folin and 
Denis, observed a large series of cases (142) Their most important 
deduction was that in chronic nephritis without uremia the urea values 
were normal or moderately elevated Cases of uremia showed great 
increase without exception The excretion of phenolsulphonephthalem 
was proportional to the nitrogen retention Outside of uremia, 
extremely large urea values, over 1 gm per liter, were encountered 
only m severe anemias and intestinal obstruction They found reten- ^ 
tion in chronic plumbism, lobar pneumonia, syphilis (36 per cent of 
cases), diabetes with coma, and acute yellow atrophy of the liver 
Normal values were obtained m eclampsia, chronic passive congestion, 
compensated valvular lesions, pericarditis, endocarditis, acute rheu- 
matism, uncomplicated scarlatina, cerebral hemorrhage, functional 
nerve diseases, diabetes without coma, myxedema, exophthalmic goiter, 
and malignant disease They believed the estimation of nitrogen to 
be of the greatest value in the diagnosis of uremia and also m the 
prognosis of chronic nephritis They drought that the total nitrogen 
was of more prognostic importance than the urea nitrogen 

Ovsiannikova^® (1914) found a mortality of 18 per cent in cases 
of chronic nephntis with blood urea below 0 5 gm per liter, 18 per 

25 Agnew The Archives Ikt Med, 1914, xni, 485 

26 Folin and Denis: Jour Biol Chem , 1913, xiv, 29 

27 Frothingham and Smilhe The Archives Int Med, 1914, xiv, 541 

28 Tileston and Comfort* The Archives Int Med, 1914, xiv, 620 

29 Ovsiannikova * Russk Vrach, 1914, xiii, 253 
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cent for 0 5 to 1 gin per liter, 58 per cent for 1 lo 2 gm per litci , 
and 85 per cent for 2 to 5 gin pei litci 

Widal, Weill and Radot’’® (1914) found that the jihcnolsulphonc- 
phthalein test and the urea in the blood seium ran parallel They 
rose and fell together in noimal cases and in cases of Rnght’*^ disease 
The mere estimation of the iiica content of the blood from tunc to 
time they believed to be a lehablc and acciiiate index of the arotcinia 
In chronic kidney disease v\ hen the urea was less than 0 5 gm per 
liter there was no question of a/.otcniia, when 1 gin, thc\ believed 
the test should be f requcntl} repeated , v\ hen 2 gm , the prognosis 
was bad 

TABLE 1 — Norviai 


Number 

Ago 

1 

Blood 1 

Pressure 

\ 

i 

Phthfllrin, i 
Per Cent j 

1 

Blood Urea 

Two Hours 
Alter Mcnis 

Sctentccn Hours 

Pnstlnr 

S8 

23 1 

1 

100 

1 

72 j 

OIOS 


39 

21 

102 j 

67 1 

0103 

0120 

40 

21 

122 1 

C7 ! 

0150 

0150 

41 

21 

122 

82 

0120 


43 

20 



0160 


47 

24 

lie 


0192 


58 

22 

100 

07 

0192 


11 

86 

112 

79 

0180 

0132 

69 

21 

110 


» • 

1 0103 

77 

23 


05 

OICO 

1 

! 

82 

21 

j 

42 

0 220 

1 

1 

83 

28 

126 

00 

0 210 

1 

176 

25 

122 

82 

0252 

1 . . 

195 

20 

120 

60 

0 204 

j 

196 

26 

132 

05 

OIOS 

1 

197 

22 

120 

70 

0120 

I 


Farr and Krumbhaar"^ (1914) stated that in cirrhosis of the liver 
the total nitrogen was increased only in cases accompanied by definite 
nephritis They did not support the view held by Morel and 
Mouriquand,®^ and by some other investigators, that in destructive 
diseases of the liver the percentage of urea to the total nitrogen was 
decreased, to the contrary, they found that the percentage of urea 
remained normal 


30 Widal, Weill, and Radot Presse med, 1914, xxii, 565 

Krumbhaar Jour Am Med Assn , 1914, Ixiii, 2214 
32 Morel and Mounquand Bull et mem Soc med d hop de Pans, 1913, 
XXXV, 266 
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MosenthaP^ (1915), m a series of interesting experiments, was 
able to produce in dogs experimental uranium nephritis of two types 
In nephritis of moderate severity there was an increase m nitrogen 
elimination This increase he demonstrated experimentally to be due, 
not to any previous retention, but to an increased protein catabolism 
The more severe cases showed a decreased elimination of nitrogen in 
the urine with a true nitrogen retention due to kidney insufficiency 
He also showed that a gam or loss of water in the body was a factor 
that influenced the quantitative estimations of nonprotein nitrogen in 
the blood. 

Foster^^ (1915) observed a series of cases of severe cardiac decom- 
pensation without nephritis, and found in them an increase m the 
nonprotem nitrogen averaging 0 6 gm per liter In four of these 
cases necropsy substantiated the clinical findings The nonprotem 
nitrogen m chronic parenchymatous he found lower than m chronic 
interstitial nephritis In general, he found the most pronounced nitro- 
gen increase in cases with high arterial pressure He states that 
uremia may occur when the nitrogen is low, that is, no higher than m 
a latent nephritis The convulsive type of uremia showed a nitrogen 
content double that of the asthenic type. A high nonprotem nitrogen 
m the absence of uremic symptoms he believed to be of more definite 
prognostic value than in the presence of uremic symptoms, while a 
normal finding did not exclude a remotely fatal issue 

Rowntree, Marshall, and Baetjer®^ (1915) also reported two cases 
of myocardial insufficiency with necropsies showing no kidney changes 
except chronic passive congestion Clinically, both showed urea reten- 
tion, 0 67 and 1 1 gm per liter, respectively 

TECHNIC 

We have used in this series of experiments the urease method of 
Marshall,®^ fully described by the author 

BLOOD UREA IN NORMAL CASES 

The several observers have obtained widely varying values for 
the normal blood urea, largely due to the method employed A glance 
at Table 2 will show this clearly 

Our observations cover a series of sixteen cases, all persons in 
apparently perfect physical condition The urine in each case was 
normal The average amount of blood urea obtained after seventeen 
hours fasting was 0 129 gm per liter Two and one-half hours after 

33 Foster The Archives Int Med, 1915, xv, 356 

34 Rowntree, Marshall, and Baetjer The Archives Int Med , 1915, xv, 543 

35 Marshall Jour Biol Chem, 1913, xiv, 283, ibid, 1913, xv, 487 
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a heavy protein meal this was increased to 0 175 gm per liter, or 
an average increase of 0 046 gm per liter. Reference to Table 1 will 
show that the values obtained varied from 0 108 gm per .liter to 
0 252 gm. per liter, in no case reaching 0 300 gm per liter The 
average per cent of phenolsulphonephthalem excreted in two hours 
was 68 

RELATION OF PROTEIN INTAKE 

That the amount of protein ingested had a distinct bearing on the 
quantity of blood urea, was observed by Picard in 1856 He found 
also that the time for taking blood for examination, with reference to 
food intake, caused certain variations These observations have been 
repeatedly confirmed and emphasized by different authors 

Case 80, of our own observation, demonstrates this very clearly 
A normal individual, with a phenolsulphonephthalem excretion of 
60 per cent , had a blood urea of 0 326 gm per liter She gives a 
history of being a heavy meat eater On a low protein diet for a 
period of three days the blood urea dropped to 0 168 gm per liter , 
later, on a moderate protein diet the value increased to 0 240 gm 
per liter In nephritics, who have been given a low protein diet, we 
have also observed a drop m the blood urea (Case 56) The practical 
value of giving a low protein diet to decrease the nonprotein nitrogen 
in the blood of nephritics, has been recently demonstrated by various 
authors (Fohn, Denis and Seymour, Tileston and Comfort, etc). 

CAUSES OF BLOOD UREA INCREASE 

The finding of a normal as well as an increased amount of urea 
in nephritics, along with the fact that there is increased urea in 
numerous pathological conditions, m which no clinical or pathological 
evidence of nephritis exists, leads us to the conclusion that blood 
urea increase cannot be explained by renal insufficiency alone Faulty 
kidney excretion, resulting in true nitrogen retention, is no doubt the 
chief factor in cases of nephritis, but many other cases cannot be 
explained on the basis of retention We observe in some cases involv- 
ing general metabolism, without any evidence of nephritis, an increased 
blood urea Cases of exophthalmic goiter show a moderate increase 
In one case we observed still greater increase during a condition of 
hyperthyroidism following a partial gland resection This increase 
dropped to normal simultaneously with the improvement of the patient 

Whether increased protein catabolism alone explains these cases is 
difficult to state There may be an abnormal urea combination in 
the blood, which makes elimination by the kidney impossible, as has 
been suggested by Mosenthal 
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Cases of acute infection often present the same picture Here 
there is undoubtedly increased catabolism along with the elevation of 
temperature It seems quite probable that an abnormal urea com- 
pound, as well as an absolute increase in the amount of urea nitro- 
gen formed, combined with kidney insufficiency of varying degree, 
occurs m the terminal state 

That pure circulatory disturbance may give rise to increase in blood 
urea has been demonstrated m cases of cardiac decompensation, where 
necropsy showed the absence of kidney lesions (Foster) 

Another factor which has to be considered is the percentage of 
water in the body fluids In cases of persistent vomiting, esophageal 
stenosis, acute hemorrhage, etc , we have observed an increase in the 
blood urea, and conversely, in a case of high blood urea, we have 
observed a distinct drop following the addition of a considerable 
quantity of water to the body fluids Concentration of and dilution 
of the blood probably account in part at least for these phenomena 

UREA IN PATHOLOGICAL CONDITIONS 

In studying various pathological conditions we have considered a 
blood urea above 0 250 gm per liter as abnormal For purposes of 
classification we have divided the cases into clinical groups, including 
(1) acute nephritis, (2) suspected chronic nephritis, (3) mild chronic 
nephritis, (4) advanced chronic nephritis, (5) advanced chronic 
nephritis with cardiac decompensation, (6) miscellaneous genito- 
urinary, (7) diseases of heart, (8) anemias, (9) acute infections, 
(10) chronic infections, (11) diabetes mellitus, (12) diseases of 
thyroid, (13) malignancy, (14) miscellaneous cases 

ACUTE NEPHRITIS 

Twenty-five cases of acute nephritis were observed Of these 
eighteen were toxic nephritis accompanying lobar pneumonia The 
urea averaged 0 578 gm per liter, thus showing a definite increase 
Only three cases showed a normal amount of urea All showed 
albumin and casts in the urine Twenty-two phthalein tests were 
made, sixteen showed decreased elimination 

Case 12 of intestinal obstruction following operation showed nor- 
mal urea before operation With developing obstruction, many hyaline 
and granular casts, with a large amount of albumin, appeared in the 
urine The blood urea was 1 390 gm two days before death 

Cases 95 and 156 were acute parenchymatous nephritis of no deter- 
mined etiolog}’- Case 156 entered the hospital the third day of illness, 
complaining of weakness and headache His previous history was 
entirely negative He showed a medium amount of albumin, casts, 
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white and red blood cells, a phthalem of 26 per cent , and urea of 
0 720 gm per liter A few days later the urea rose to 0 912 gm per 
liter With improvement m symptoms the urea fell promptly and 
phthalem elimination increased to normal 

Case 144 was common duct obstruction When the patient entered 
the hospital she showed blood urea of 1 512 gm per liter, with 1 3 
per cent phthalem excretion The common duct opened spontane- 
ously and at the Same time the accompanying nephritis began to clear 
The urea and phthalem promptly returned to normal 

These cases followed practically the same course observed by the 
various investigators of acute experimental nephritis 

SUSPECTED CHRONIC NEPHRITIS 

Twelve cases which were clinically suspected of being nephritis, 
showed an average urea of 0 248 gm per liter, which is a normal 
value The phthalem excretion was normal on all the cases which 
were examined Reference to Table 4 will show the details of 
each case 

MILD CHRONIC NEPHRITIS 

Table 5 shows the results in the nineteen cases of mild chronic 
nephritis Of these five were parenchymatous and fourteen were 
interstitial nephritis The average blood urea was 0 288 gm per 
liter Five of the cases showed normal blood urea The phthalem 
excretion m this group was, with one exception, normal 

ADVANCED CHRONIC NEPHRITIS 

Sixteen cases of advanced chronic nephritis came under our obser- 
vation The average blood urea of these cases was 0 444 gm per 
liter Three cases showed normal values 

Two cases of albuminuric retinitis associated with chronic paren- 
chymatous nephritis were observed It is interesting to note that 
both of these cases showed a normal urea Widal has stated that 
albuminuric retinitis is always associated with azotemia Tileston and 
Comfort had one case which also showed a normal urea value, but 
in the cases of long standing eye symptoms the urea was increased 
Both of the cases coming under our observation were of brief dura- 
tion, as far as the retinitis was concerned It is of interest to note 
that m one case with a urea of 0 180 gm per liter the excretion of 
phthalein was but 15 per cent ^ 

One case of uremia was observed This was of transitory char- 
acter, following a prostatectomy The maximum urea at the time 
the patient had uremic symptoms was 1 008 gm per liter, with but 
a trace of phthalem excreted This case is also of interest, because 
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of the progressive decrease of blood urea to normal, while the phthalein 
excretion remained small (9 per cent ) 

That a high urea can occur without uremic symptoms is shown 
m Case 134 This case of chronic interstitial nephritis had a blood 
urea of 1 080 gm per liter. 

One case of diabetic coma with chronic interstitial nephritis had 
2 340 gm per liter, probably as a terminal condition 

The cases on which a phthalein test was made practically all show 
d distinct decrease along with the rise m blood urea 

ADVANCED CHRONIC NEPHRITIS WITH CARDIAC DECOMPENSATION 

The average blood urea in this series of cases was 0 523 gm per 
liter, which is higher than the same group of cases without cardiac 
decompensation, and also distinctly increased above normal value 
The blood pressure of all these patients was distinctly elevated The 
phthalein was just a trace in two cases, 15 per cent in another case 
Two of the cases with the highest blood urea (0 694 and 0 768 gm 
per liter) died shortly after the test was made Case 141 with a 
urea of 0 768 gm per liter was in a fairly good physical condition 
at time of observation No normal values were obtained m this group 
of cases. 

MISCELLANEOUS GENITO-URINARY CASES 

Twelve miscellaneous cases have been recorded under Table 8 
Three cases of prostatic hypertrophy were observed, each having a 
definite nephritis One case showed a normal value; the others were 
increased Case 4 is interesting in that it shows a rise of blood urea 
from 0 194 to 0 864 gm per liter associated with a partial urinary 
letention progressing to a complete retention. After operation the 
patient had typical uremic symptoms with a blood urea of 1 008 gm 
per liter As the patient improved the blood urea dropped progres- 
sively until a normal value was reached (0 108 gm per liter) The 
patient was in fairly good condition at this time 

We found increased urea in cases of nephrolithiasis, pyelone- 
phritis, and pyonephrosis, cystitis, and pyelitis The cystitis was com- 
plicated with chronic interstitial nephritis 

We had under observation a very interesting case of polycystic 
kidneys (Case 108) Both kidneys were markedly enlarged, the excre- 
tion of phthalein was practically ml, and the patient was suffering 
from chronic uremia The blood urea was 3 360 gm per liter, v hich 
IS the highest value we ha\e obtained in any case It is remarkable 
m that the patient is living, three months after the urea examination 
Vvas made 
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Dl'-t \S1 V <,l j tn I!! \< I 

I'oui lasc^ of double imltal U '’Jon-- V. 1 1« dbft^td 'Hoi.* bnv.cd 
uoiin.d blood urci One tase h.ui ,* ''t\t h tun'illUo atsd . tEhriU 
showctl a shulU mcu'a‘'C in bbaid urt i fO ^21 i^ni |h r at' i ; lb>ur oi 
the ‘^LNtn ca'-cs of nuocarditi^ utic >'huhtb, tl« •■..>!< d la '<*> no! 'at 
did the blood area incrca'-t to O'tO') t:ni {k i httr 

'' 1 Vi \s 

Kowntice iind bit/ (191a) ujtort a », i i «»: ‘jibnu tu nita v.Uh 
pol\ scro‘^iti‘> NMtb a blood ana of p^r lu« i 

Tile<^lon and Comfort (1911) r>bt.>nud norm 1 oi rtnly 
lai-^cd blood ureas in U\o ca^^ts of ‘'Ccondau aunna dne to luntot 
rhai^e and in one ca'^c itf llanti''^ di^t<iv‘ In iv.o <a‘t> of h>moi\t[i 
anemia the) found ni.'iktd rctuiiion, () ^^^7 and 07 l^> S'oi |jttr 
We luue studied three (a^-es of lumolMic amrmi (prim it) ) .uu' 
four of secondary anemia dm to lumorrha^e 'Iv.o of iht ca*'e‘' of 
sccondar) anemia had a norm d blond uie.i , the otlu r two i.a^e > -bowed 
only a mild increase '1 wo casc'i of chronic pf rmcions atunn i shov.ed 
0456 gin and 0255 gin jier liter, r«.spceti\cl) Ca-e IK' was a \er\ 
acute pernicious anemia in a chiiil, tcrmnnimi: f itail) in si\ weck- 
Two da)s bcfoic death the blood urea was 0 59“ t;m ])er liter, si\ 
hours postnioricm the urea in heart’s blood v as I 77>^ qm per htei 
He dc\ eloped a terminal ncphiitis with man) In aline and blood c.ists 

LOIlMt l*M'LMOM\ 

Tileston and Comfort (1914) report blood me.is on fourteen case- 
of lobar pneumonia The highest \ahic was 0 360 gm per liter, the 
longest 0112 gm per liter The) beheted there was no relation 
betw^een retention and prognosis Foster (1915) found a rise m non- 
protein nitrogen in lobar pneumonia exceptional and associated onl\ 
wnth marked circulatory disturbance 

We made forty-tw'o blood urea determinations on twenty cases of 
lobar pneumonia These ranged from 0 120 gm per liter to 1 044 gm 
per liter, with an average of 0 405 gm per liter In thirty-six of the 
ureas the values were higher than normal , many of the cases show'cd 
a rather marked increase Some of these patients were cyanosed 
at the time blood was taken but a number w'cre not Se\cnteen of 
the twenty cases ran a definite toxic nephritis, wdiich probably helped 
to increase the blood urea Only one case wnth a urea of over 0 6 gm 
per liter recovered We believe that in cases with marked increase 
a bad prognosis should be given We found in cases of recovery 
the maximum increase was about the time of crisis, but most of our 
cases even on the first and second day after onset show^ed some urea 
retention For more details the reader is referred to Table 11 



% 

o 

s 

p 

u 

p 

fM 

< 

pa 

o 



m 

c 3 

S 

a> 


'CJ 

o 

M 

V 

> 

O 


>> 

CS 

•^5 


o 


>» 

c 3 

HD 


r^ 

O 

a 

'a 

V 


n p 


>» 

o 

O 


40 

o, 

a 

o 

P4 


>» 

CS 

'O 

CJ 

a 

o 


Ph Ph 


A 

p 




9 


o 

0( 

a 

jy 


o 

rH 

o 

M 

P 

40 

C3 

U* 

0 

a 

1 


lA 

O 


O 

M 

P 

40 

a 

u 

a> 

P( 

a 

o 


© 

u 

p 

40 

« 

o 

©4 

a 

o 

&H 


's 3 


© 

M 

P 


A 

P( 

O 

P; 


o 

04 

a 


>) 

p 

'p 


a 

fl 


Di 2 


o 

CH 


;-i 

o 


>> 

© 

o 

© 

© 


© 

> 

o 


P5 

CA 


©4 

a 


C 3 

'O 

© 

P 

O 


Ph 

lA 

O 


© 

u 

o 

©4 


a 

o 

'p 

© 

5 


>» 

« 

'p 

© 

p 

o 


ft 


Ph 

CO 

o 


© 

t-( 

P 




© 

M 

P 


>> 

(4 


Ph 

>>>» 
>4 M 

pHt^ 

ft 


ft 

© 

> 


CO 

© © 

> > 

UA lA 

UA 

•4 

»A 

o 

© 

o 

rH 

o 

rS 

o o 
© © 

Op 
r-< rS 

O 

!-4 

o 

r 4 

O 

r 4 


Ut © 

© ^ 

©4 

a 


H H H 


© 

P 

© 

^ S4 

,© 

© 

©4 

1 

.as 


|h 

44 ^ 

<;<J 


© 

p 

40 

P 

© 

© 

a 


>» 

© 

> 

o 

© 


T3 M 

pQ^ 
© © 


H « 


©4 

a 

© 


■c<<J 


© o 

U >-i 

p p 

40 40 

p p 
u u 
© © 
A © 

aa 
© © 
Eh Eh 


o 

U 4 

P 

•40 

P 

t 4 

© 

© 

a 

© 


© 

P 

P >» 

M ^ 
<y © 

P O 
P © 
© © 
£h« 


>> 

p 

2 'P 


© d-^ 
^•4 P P 
P >,s 

S " ® 

P »oi 

aii-g 

© iP 

^^^ft 


O 

S 4 

o 


I I 

o o 


CO 

o 


OO O o CO 

^ CS lA 
lA CS in 04 1-4 

o o o o o 


004 O 
OJ QQCS O 
O CO'*^COCO 

o oooo 


^ 00 -^ Q 
00 04 S' 00 
CO 04 Co 

OOOO 


gj 


> oo 

-J O lA 
r 4 CO f-i 


O ooo < 

CA lA O < 
CO 4 S 1 ^ CO 


oo 

OJ CO 
•-1 CO 


o o 

CO >H —» 

CO iO o 


ooo oooo 




oo OOr 


CO 

l'- 


•A 

■*•3 

'O 

o 


o 

00 


'O . 


gw “ 




S 


W 

hJ 

w 

c 



r 



TABLE 12— Septicemia 
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SEPTICEMIA 

A Single case of puerperal sepsis with recovery we find repoitcd 
in the literature by Tileston and Comfort, with a normal blood urea 

Three cases of streptococcic septicemia came under our observa- 
tion, all terminating fatally Two of these patients developed severe 
acute toxic nephritis The urine was not obtained from the third 

In Case 2 of puerperal septicemia the patient had a blood uiea 
of 0 924 gm per liter, and died within twenty-four hours; Case 93, 
general peritonitis, a patient with a blood urea of 1 272, died within 
ten hours, Case 70 had a blood urea of 0 516 gm per liter on March 
20, 1915, which dropped progressively to 0 120 gm per liter on 
April 10, 1915, when the patient died from acute hemoirhage 

MENINGITIS 

Three cases of streptococcic meningitis and one case of ineningo- 
coccic meningitis were observed The three cases of streptococcic 
meningitis showed definite increase m the urea, that of meningo- 
coccic meningitis showed normal urea (Table 13) 

ROCKY MOUNTAIN SPOTTED FEVER 

Only one case of spotted fever was observed This was in a 
patient on the sixth day after onset, with marked petechial eruption, 
mild delirium and cyanosis The blood showed 0 690 gm of urea per 
liter At the time there was only a trace of albumin m the urine 
The patient died two days later 


Table 14 — Rocky Mountain Spotted Fever 


No ' 

1 

Age 

Urine 

Blood Urea 

1 1 

1 RemarXs 

154 

17 

Trace albumin 

I 

0 690 j 

Died two days later 


SYPHILIS 

Folin and Denis in 1913 reported sixty-tliree cases Of these 
46 per cent showed a moderate elevation in blood urea 

Tileston and Comfort (1914) observed eleven cases Approxi- 
mately 50 per cent showed increase of blood urea They found 
albumin and casts in practically all of their cases, and concluded that 
tlie kidney was affected in a considerable percentage of syphilitics 
Nitrogen retention was more evident in the tertiary stage, according 
to their observation 

Thirty-nine cases of demonstrable syphilis and four cases of clin- 
ically suspected syphilis are included in our series and the results are 
lecorded in Table 15 
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THE ARCHIVES OF INTERNAL MEDICINE 


Two cases were pnmar}' lues and one of these showed an increase 
ill blood urea Neither case show'cd any c\idence of kidney pathology 

There iveie thirteen cases in the sccondaiy stage Eight show^cd 
an elevation of blood uiea (i c, aboie 0 250) 'Ihrcc of these had 
a distinct nephritis Five cases showed an incrca'^c abo\c 0 300 gm 
per litei, four of ivhom had practically no ticatmcnt for their syphilis 

Twenty cases of the tcitiary stage wcic studied Eight of these 
showed an increased urea But two cases had ciidencc of a distinct 
nephritis Four of the five patients in whom the urea was o\cr 
0 300 gm per liter had icceued no treatment 

Paresis and tabes dorsalis were each obscr\ed in two instances 
The urea W'as elevated m one paretic and m both cases of tabes One 
case of tabes had an interstitial nephritis 

SUMMARY 

To summaii7e our obscriations 

1 Tw^enty of the thirt}-ninc cases showed an elc\alcd blood urei 
(approximately 50 per cent ) , of the primar\ stage 50 per cent , sccon- 
daiy 62 per cent, tertiary 40 per cent, and qiiartcrnaiy’ 75 per cent 

2 But six cases had evidence of a nephritis 

3 Nearly 80 per cent of the thirteen cases m whom the blood 
urea was over 0 300 gm per liter had received no treatment 

4 No relation betw'ecn the Wassermann test and the amount of 
blood urea can be drawn 

5 The highest urea w^as 0 768, a patient wdio had acquired sjphihs 
twenty years ago, and has now’’ a chronic interstitial nephritis 

6 It is interesting to note that of the cases wdio receued three 
or more salvarsans, but one w’as increased abo\ e 0 300 gm per litei 

PULMONARY TUBERCULOSIS 

A glance at Table 17 wall show that m tw’o cases out of seven, 
there was an increase m blood urea Case 121, an acute miliary 
tuberculosis, with a severe acute toxic nephritis, had 0 600 gm urea 
per liter, and terminated fatally Case 123, a chronic advanced tuber- 
culosis, was slightly raised (0 288 gm per liter), and had a mild par- 
enchymatous nephritis Other authors have observed retention m 
cases of tuberculosis (Tileston and Comfort) 

DIABETES MELLITUS 

Seven cases of diabetes mellitus are included in our senes (see 
Table 18) Five of these were complicated with chronic nephritis 
Three of the cases showed definite increase in blood urea They were 
all cases with nephritis Case 184 had urea 0 336 gm per liter on 
admission to the hospital Two days later he developed coma and 
had a blood urea of 2 340 gm per liter He died the following day 





TABLE 19 — Disfases or Thyroid 


U) 


C 

<V 


o 

CO 

CO 

ir 

a 

oi 

MglS. 

c a,*^ 
o o H 
o 

t- 5 l‘ 


c< 

If 

o 


tc 
' c 


V ^ 

»- Si 


c c 
«j c: 


CJ “ 


c., 

o 


i •M »-« 

r=s 

o i? S 
C 4-* 

O ^ V-l 

« W< 


C.^ ^ 


u ^ 

wClo 


X o 

G^^ 

c 

C. C 

oca 

o 


■^2 ® 

G •-» 

G 

*c S 

fcx •*** 

G r* 

^ t4 l! 

t4 

o 



p« CJ < 

o ; 

o°< 
tS I- I 
O o < 

*»*4 W 4 

cy V 

«<- 


CIU 

o 

c 


4-4 tr 

til's.!! 

G C'T 

“Si: 

G o 


8i 

5 ^ 


'a 

x: ng 

s-. 
^ S 


S/r" 3 


?i S 

c^l CO T-» 


O O e£» ^ on 

f'l I- r -4 

Cl f-4 r-< C« Of-« 

ooo o oo 


o 


>» 

o 

a 

'O 

w 


c 

2 

2 

o 


o 

G 

Qj 

52 ; 


G 

tH 


to 

o 

;zi 


o 

> 


a 

to 



o 

a 

bo 


O 

tU 


C 5 

-G 

■w 

A 

D. 

O 

W 


o 

bfl 


GS 

a 

o 

W 


o 

tfl 


G 

-G 

4 J> 

A 

G. 

O 

P 

w 


>1 

A 

4-1 

o 

A 

>1 

W 


c 

to 


o 

a 

o 

O 



s 

o 

G 

to 

C3 

Q 


>» 

*-• 

G 

> 

O 


•M 

O 

G 

a 


o 

3 

a 

G 

p. 




G 

>4 

o 


G 

G 



a 

o 


o 

a 


o 

G 


a 

<1 



Q) 







to 

<S 

8 

§ 

o 

4Wl 

s 

s 

g 

O 1 

52; 1 

lA 

iO 

O 

03 


ss 

fH 

g 

r-J 

‘o 

d 














70 


THE ARCHIVES OF INTERNAL MEDICINE 


DISEVSES or THE TinUOID 

We made blood mca dcteiminalions on lliiec cases of exophthalmic 
goiter All showed a uiea slightly abo\c noimal be foie openition 
Following opeiation the urea dioppcd to norm.il W^c studied onU 
one case of myxedema The patient had in addition maikcd arlcno- 
scleiosis T\\o determinations of uiea ^\clc made, both of which 
were slightl}’’ below' normal 

Case 160 w'as a patient w'llh a large colloid goitci who had taken 
thyroid extiact for six months He showed maiked Inperth} loidism 
FIis blood uiea w'as inci eased to 0 504 gm per litci 

The phenolsulphonephthalein output in all thiec cases of exoph- 
thalmic goiter W'as normal or slightly inci eased m amount 

MALIGNANCV 

A senes of six cases w'as studied, the results of which arc shown 
m Table 20 Tw'o cases show' slight increase Cases 150 and 207 
show a distinct ele^atlon, 0 648 and 0 408 gm pci liter, respectively 
ISl either case had aii}' clinical evidence of nephritis This obscr\ation 
is not in accord w'lth the conclusion of Tileston and Comfort, who 
stated that no changes w'ere met w'lth in malignant di'^case w'hich 
could not be ascribed to a complicating renal disease 

MISCELLANEOUS 

We have studied twenty-four miscellaneous conditions Four 
cases of intestinal obstruction had an increased blood urea Cases 
12 and 13 showed very high values, 1 380 and 1 080 gm per liter, 
respectively One case of obstructed bile duct, complicated w'lth 
parenchymatous nephritis, showed 1 560 gm per liter, but dropped 
promptly to normal as soon as the obstruction w'as relieved Case 112 
gave marked urea increase, 2 311 gm per liter The patient had an 
esophageal stenosis 

Slightly raised values were found in uiticana, fracture of the 
skull, cerebral hemorrhage, cerebral concussion, traumatic pleurisy, 
bone cyst, arteriosclerosis, and chronic arthritis Normal values were 
obtained in psoriasis, pityriasis rosea, epilepsy, and a functional 
neurosis 

THE UREA CONTENT OF BODY FLUIDS 

A most excellent summary of the literature on the subject is 
included in the work of Soper and Granat (1914) To that article 
the reader is referred 

Soper and Granat studied the urea content in the spinal fluid in 
ninety-seven cases They found that the amount of the urea in the 
spinal fluid usually agreed with that in the blood Most of the 
variations were due to the difference in time of taking of the fluids 
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TABLE 22 — ^Urca Content in Body Fluids 


No 

Diagnosis 

Fluid 

Fluid 

Urea 

1 Blood 
' Urea 

61 

Chronic nephritis . . 

Spinal , 

0166 

0 210 

84 

? Syphilis 

Spinal 

0 324 

' 0 312 

74 

Paresis 

Spinal . . . 

i 0 270 


64 

Syphilis . . . . 

Spinal 

j 0 390 

0 540 

79 

Syphilis 

Spinal 

0 258 

0 223 

66 

Syphilis 

Spinal 

0120 

0114 

126 

Paresis . 

Spinal. , .. 

0 204 

0193 

126 

Meningitis 

Spinal . .. 

0 324 

0 370 

130 

Meningitis . ... 

Spinal . 

0 255 

0 283 

140 

? Brain tumor 

Spinal . 

0 204 

j 0 240 

ISO 

> Meningitis 

Spinal 

0180 

t 

162 

Cerebrospinal syphilis 

Spinal 

0198 

0 210 

130 

Meningitis 

1 Spinal . . . 

0.120 

1 

183 

Chronic nephritis . ... 

Spinal , 

0 240 

0 204 

187 

Meningitis 

Spinal 

0 793 

0 384 

191 

Chronic nephritis 1 

[ Spinal 

0 696 

0 390 

198 

Tabes dorsalis ‘ 

' Spinal 

1 

^ 0 264 

0 270 

89 

Syphilis 

i Spinal 

j 

0 216 i 

0180 

210 

Bulbar paralysis 

Spinal 

0120 


65 1 

Ovarian tumor (malignant). 

Peritoneal 

0 426 

0 262 

91 

Carcinoma of stomach . 

Peritoneal 

0204 


81 

Carcinoma of stomach . . 

Peritoneal 

0.253 


91 ! 

Carcinoma of stomach 

Peritoneal ... 

0 348 


K 

Ovarian tumor 

Peritoneal 

0 480 

• 

209 

Tubercular peritonitis 

Peritoneal 

0180 

0180 

67 

Ovarian tumor 

Cyst 

0 432 

0233 

131 

Ovarian tumor . . 

Cyst 

0 216 

0192 

137 

Ovarian tumor 

Cyst 

OICS 

0150 

45 

Hydrocele 


0 276 

0 340 

120 

Hydrocele 


0 484 ! 

1 


61 

Second degree bum . 

Vesicle 1 

0103 i 

0132 

100 

Second degree burn 

Teslcle,, . j 

0 242 i 

0 2S3 

27 

Pleurisy .... . • 

Pleural . > 

0 540 

0 480 

90 

Malignant pleura 

Pleural . 

0 240 ‘ 

0 204 

115 

Anemia . ... •• 

Pericardial ' 

1 6:0 

1 HO 

2X1 

Gonorrheal arthritis ... 

Joint fluid 

0 240 

0 2^0 
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TIIL ARCJllVLS or INJLRKIL VLDICIM 


TABLE 23— Phtiiaiuns 


Per Cent. ' , Per Cent 


Onsc 

Number 

Phtlinleln i 
2Hrs ' 

niood 

Urea 

Cn'so 

Number 

PJitlmleln 

2 IIr« 

JMood 

Uren 

100 

r 

65 

0108 

' 202 

65 

OCO* 

41 

62 

1 

0120 

20 

70 

0 2'Vl 

0 

G5 

0120 


60 

0''12 

107 

70 

0120 


57 

0 312 

40 

67 

1 

OICG 

W 

60 

0''2n 

CO 

, 67 

0156 

3.1 

76 

0 324 

137 

i 82 

OICG 

■"* ! 

42 

0'^4 

77 

i 65 

j 

0 in<' 

114 


0 321 

165 

68 

1 

0168 

02 

70 

0 vr, 

144 

66 

OIGS 

' 107 ! 

45 

u 'cr. 

S8 

i 72 

0168 

116 1 

67 

0 TSi 

80 

, 87 

OIOS 

160 ' 

7b 

0 33l> 
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TABLE 23 — Phthalhiks — (Conitnucd) 


Case 

Xumber 

• Per Cent 

1 Pbthalem 
2Hrs 

1 

j 

Blood ' 

Urea 

i 

Case 

Number 

1 

Per Cent 
Phthalem 
2Hrs 

Blood 

Urea 

32 

i 

; 63 

0 270 

J 

1 

i 121 

T 

OCOO 

10 

1 70 

0 276 

<] 

1 

I 71 

22 

0 624 

35 

' 65 

0280 

l| 

181 

70 

0C3G 

£50 

! 77 

0 288 

li 

150 

50 

0C72 

78 

! 67 

0283 

ii 

1 

15 

0C94 

87 

42 

0 288 

1 

j 156 

26 

0 720 

123 

87 

} 

0 288 


144 

20 

0 936 

152 

T 

0285 



20 

1008 

11 

95 

0 294 


144 

13 

1 500 

193 

1 ™ 

0 800 

! 

1 

108 

T 

SSGO 


They quote the work of Javal as establishing the fact that the urea 
content of body fluids, edema, pleural and ascitic, equals in amount 
the blood urea They found the normal urea in spinal fluid between 
0 01 per cent and 0 05 per cent 

Cullen and Ellis®® (1915) ha\e shown that when the blood and 
spinal fluid are drawn at about the same time the difference in the 
amount of urea in the two fluids is rarely greater than 2 mg per 
.100 c c 

We have made comparatne urea determinations on the body fluids 
and blood of twenty-eight different patients Of these nineteen ^^ere 
spinal and six were peritoneal fluids Table 23 shows the results, 
and they will be seen to correspond closely with those obtained by Soper 
and Granat In the mam the blood urea equals the fluid urea Cases 
54, 55, 57, 187 and 191 show rather marked differences The fluids 
and blood from Cases 54, 55 and 57 were taken within a few' minute^ 
of each other The fluids from Cases 55 and 57 were from \ery 
thick-w^alled ovarian cysts The fluids from Cases 187 and 191 were 
taken at different times from the blood 

CONCLUSIONS 

1 In the normal fasting adult the blood urea \aried from 0 108 to 
0 252 gm per liter 

2 The majority of cases of acute nephritis show an increa'^ed urea 

3 In mild chronic nephntis there is a normal or slightly cle%ated 
amount of blood urea Cases of ad\anced chronic nepnritis ha%c a 
distinct increase The effect of an associated cardiac decompensation 
IS to further ele\ate the blood urea 


36 Cullen and Eilis Jour Biol Chem , 1915, x\, 511 
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TABLE 24— Blood Prossurls* 


Case 

No 

Ago 

Blood 1 
Pressure ' 

t 

Blood 

Urea 

Oaso 

No 1 

1 

t 

Arc , 

Blood i 
Prcaiurc 

1 

Blood 

Urea 

no 1 

61 

08 ! 

0 703 

122 1 

1 

43 i 

1 

112 

1 

OCGO 

1 

37 j 

80 

SO ' 

0103 

1 foo 

43 

112 

1 0 450 

100 

28 

88 ' 

0180 

133 


112 1 

1 0 242 

1 

112 

23 

88 i 

2 310 

160 

1 

OS 

112 

1 0 ws 

100 

1 

2S 1 

90 

0150 

103 ‘ 

SO 

112 

' 0 444 

E9 

34 

92 

0160 

17 1 

40 

115 

j 0 240 

115 

8 ^ 

92 ' 

0 690 

£9 j 

25 

116 

1 0160 

1 

87 

43 i 

94 

0 38i 

99 1 

St 

115 

1 0 312 

182 

60 ' 

90 

0 372 

23 ! 

35 

lie 

0390 

97 

63 1 

98 

0 330 

I 

24 ; 

no 

0192 

123 

1 

1 

^5 t 

100 1 

0233 

92 j 

27 

117 1 

0 330 

122 

43 

100 

0 403 

34 

43 

lie 

; 0 480 

104 

29 

100 

0 420 

no j 

23 i 

118 

j 0144 

33 

17 

100 

0 824 

ISO ! 

63 

118 

j 0 223 

33 

28 

100 

0103 

135 

40 

118 

1 0 312 

58 

22 

100 

0192 

140 


U8 

0 270 

89 

21 

102 

0163 

173 

40 

118 

0300 

70 

28 

102 

0120 

31 

CO 

119 

0 450 

107 

45 

102 

0 330 

32 

20 

119 

0 270 

176 

26 

102 

0 830 

24 

40 

120 

0160 

103 

45 

103 

0 300 

29 


120 

0 330 

168 

60 

104 

0132 

21 

41 

120 

0 222 

36 

44 

104 

0660 

72 

20 

120 

0 264 

142 


105 

0 288 

95 

27 

120 

0 300 

137 

25 

106 

0160 

97 

63 

120 

0 444 

54 

34 

108 

0 540 

101 

65 

120 

0 204 

62 

39 

103 

0166 

145 


120 

0 330 

169 

40 

103 

0330 

158 

65 

120 

0 276 

19 

38 

110 

0 384 

162 

24 

120 

0 240 

35 

23 

110 

0 280 

170 

32 

120 

0120 

69 

21 

no 

0108 

178 

89 

120 

0 652 

70 

28 

110 

0 432 

195 

20 

120 

0 204 

73 

34 

no 

0 420 

107 

23 

120 

0120 

121 


no 

0600 

198 

41 

120 

0 276 

133 

14 

no 

0 266 

200 

32 

120 

0 216 

151 

37 

no 

0 360 

201 


120 

0 204 

122 

43 

no 

0 300 

40 

21 

122 

0160 

11 


U2 

0 288 

41 

21 

122 

0120 


* Blood pressures are systolic 
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TABLE 24 — Blood Pressures’^ — {Continued) 


Case 

No 

Age 

Blood 

Pressure 

Blood 

Urea 

Case 

No. 

Age 

Blood 

Pressure 

' Blood 
Urea 

50 

67 

122 

0288 

251 

37 

140 

0 660 

88 

28 

122 

0180 

171 

18 

140 

016$ 

148 


122 

0 394 

181 

42 

140 

OCCG 

176 


122 

0 262 

189 

43 

140 

0 ISO 

25 

26 

123 

0168 

190 

45 

140 

0 236 

81 

28 

125 

0 216 

104 


142 

0 204 

144 

39 

125 

1512 

109 

47 

142 

0160 

60 

22 

126 

0180 

ISO 

63 

142 

, 0180 

6S 

60 

126 

0 360 

157 

45 

142 

' 0 348 

103 


126 

0192 

166 

22 

144 

1 0 225 

205 

35 

128 

0 210 

US 

26 

145 

0 324 

129 

33 

130 

0 360 

140 

46 

145 

0 270 

156 

32 

130 

0 672 

194 


145 

0 264 

26 

22 

ISO 

0 252 

209 

85 

145 

OISO 

78 

54 

130 

0 283 

67 

40 

148 

0156 

79 

67 

ISO 

0 228 

126 

35 

148 

0 370 

102 

35 

ISO 

0 336 

7 

72 

150 

0 034 

140 

46 

132 

0 240 

22 

16 

150 

0 372 

189 

62 

132 

0 438 

84 

42 

15D 

0S12 

144 

89 

182 

1560 

128 

60 j 

150 

0 276 

9 

43 

ISO 

0 264 

184 

42 

150 

0 330 

188 

45 

ISO 

0180 

108 


152 

3 COO 

196 

26 

132 

0108 

27 

56 

150 

0 331 

200 

34 

132 

0 360 

16 

33 j 

154 

0 32-1 

204 

60 

132 

0 216 

20 

67 ' 

251 i 

1 

0150 

28 

33 

134 

0 403 

10 

54 

134 

0 276 

127 

65 

134 

0 240 

131 

^7 ! 

wl } 

{ 

154 

0192 

156 

32 

134 

0 720 

124 

24 j 

153 

0 264 

8 

54 

135 

0 210 

15 

27 . 

136 

0 223 

SO 

32 

135 

0 276 

116 

2S . 

156 

0 426 

155 

34 

135 

0 240 

207 

60 i 

ICO 

0 403 

90 

28 

136 

0 201 

1S4 

47 

162 

1 o:o 

6 

48 

isr 

0120 

ISo ) 

niy 

162 

OiSO 

75 

SO 


0 264 

103 

a 

2C2 

0103 

105 

47 

133 

0 546 

4S 

61 

1C3 

0144 

ISO 

34 

103 

0 254 

114 

CO 

1C3 

OC24 

149 

50 

1 140 

0 312 


63 

1C3 

0 3'0 

C8 

50 

i 140 

' 0 254 

SO 

46 

170 

0 543 
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TABLE 24 — Blood Piirssuuis'^ — {Couhnucd) 


Cnsc 

^o 

Age 

' 

Blood 

Pressure 

Blood 

Oreii 

Onso 

^o 

1 

Age 

1 

Blood 
, Pressure 

1 

1 

Blood 

Urea 

in 

64 

170 

0 420 

or. 

40 

) 

1 100 

1 

OS'tO 

ICO 

31 

170 

0 501 

153 

51 

TX) 

0 201 

109 

12 

172 

0 180 

101 

) 

ns 


0 5')0 

47 


17S 

0 242 

85 

00 

1 

1 

eos 

0 524 

14 

57 

ISO 

0150 

145 

CO 

220 

0 ICO 

44 

50 

ISO 

OIGS 

IS 

55 

230 

0 270 

132 

4C 

180 

0182 

6C 

C5 

1 

210 

0 414 

105 

47 

180 

0 212 

20S 

ro 

240 

0"(y) 

152 

C2 

1S5 

0->S5 

101 

no 

0|l> 

0 330 

174 

07 

ISC 

0 204 

02 

51 

242 

0 500 

1 

X 

*75 

1 

100 

0C91 

3 

50 

250 

0 0'>0 

4 

78 

, lOO 

1 OOS 

5 

20 

250 

0 210 

4(i 

65 

j 190 

0 28S 

70 

2(> 

250 

0 5;h. 


4 A high value occurring with a transient mechanical obstruction 
of the urinary tract does not necessarily mean a bad prognosis 

5 111 polycystic kidneys, with a very large amount of blood urea, 
and low phthalein excretion, the outcome may not be immediately 
fatal 

6 The majority of cases of lobar pneumonia have a raised \alue 
A bad prognosis should be given in those cases which show consider- 
able increase 

7 Approximately one-half of the cases of syphilis show a distinct 
elevation 

8 In exophthalmic goiter there is an increase, and in myxedema, 
a decrease in blood urea 

9 In primary anemia, nephrolithiasis, pyelonephritis, pyonephrosis, 
septicemia, streptococcic meningitis, Rocky Mountain spotted fever, 
pulmonary tuberculosis, diabetic coma, intestinal obstruction, malig- 
nancy, and common duct obstruction, we find a definite increase in 
most of the cases 

10 A slight elevation occurs in valvular heart lesions, myocarditis, 
secondary anemia, urticaria, fractured skull, cerebral hemorrhage, 

concussion, bone cyst, traumatic pleurisy, arteriosclerosis and chronic 
arthritis 

11 No changes were found in psoriasis, pityriasis rosea, epilepsy, 
meningococcic meningitis, diabetes and functional neurosis 
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12 The urea content of body fluids, in the majority of cases, agrees 
with the blood urea 

13 The blood pressure was taken in 178 cases Refeience to the 
results, as given m Table 24, will readily show that there is no rela- 
tion between blood pressure and the amount of blood urea 

14 The results of phthalem excretion in nmety-six cases agree 
with the observation of others, who find in most cases the percentage 
of phthalem excreted is diminished along with increase in blood 
urea (Table 23) 



THE EFFECT OF CONTINUOUS ELECTRIC LIGFIT 
IN EXPERIMENTAL ARTHRITIS'- 


WALTER E SIMMONDS, MD, akd JOSIAH J MOORE, MD 

cnic\GO 

It has been observed that a patient suftcring from rheumatic pains 
and joints is very often relieved by the application of incandescent 
light either locally by means of one, t\\o, or Ihiee bulbs with a metal 
reflector, or by a more geneial application in the form of the electric 
light bath Although much is written m the literature on light as a 
therapeutic agent, we have been unable to find any previous ^^ork 
done to bring out experimentally this particular phase of treatment 
The following is the report of a study of experimental arthritis 
in rabbits and its treatment by means of the incandescent electric light 
Preliminary standardizations weie made to ascertain (1) The 
amount of light that could be used on a normal rabbit without causing 
distress, loss of weight, or an increase m temperature, (2) the dosage 
of an organism that would pioduce in all cases an arthiitis in fiom 
five to seven days, and (3) the size of rabbit best suited for bringing 
out the factors selected for study 

The first three series of labbits were treated in a cage having 
glass sides, metal door and top, lighted continuously by two or three 
electric globes of the Edison Mazda, 110 volt, 150 watt t3'pe The 
electric globes were suspended within the cage, giving a temperature 
ot 15 to 20 degrees centigrade above the outside atmosphere or an 
aveiage of 35 C The fourth and fifth series were treated in open 
wire cages allowing free circulation of air on all sides In these series 
the temperature was but 4 to 6 degrees higher than that of the sur- 
rounding atmosphere The organism used was the Sti eptococcus 
haemolyUcus, isolated from the crypts of the tonsils after removal, 
following an attack of acute tonsillitis and polyarthritis , dosage, one- 
fifth of a forty-eight hour blood ager slant growth The rabbits were 
about 1,000 gm in weight 

The factors selected for study were (a) Number and extent of 
the joint lesions, (b) weight, (c) temperature, (d) leukocyte count 

Submitted for publication July 21, 1915 
'*'From the Departments of Theiapeutics and Experimental Medicine, Col- 
lege of Medicine, University of Illinois 

* Read before the Medical Research Club of the University of Illinois 
June 9, 1915 
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Six rabbits were injected intravenously with the living streptococci 
Three were placed in the closed cage, as described, for treatment and 
the other three in an open wire cage as controls 

Among the treated animals two developed arthritis, one having a 
single mild involvement, the other three mild lesions, a total of four 
joints involved The third rabbit showed no lesion Of the untreated 
labbits, all had arthritis, one had three slight lesions, the second three 
moderately severe and the third four, a total of ten 

A second similar series showed still better results Two treated 
rabbits escaped arthritis and the remaining one had four moderately 
severe joints Of the untreated r-abbits, one had three severe joints, 
the second four severe and the third five severe lesions, a comparison 
of four in the treated to twelve in the untreated animals 

A third series of twelve rabbits gave results of four lesions in 
SIX treated animals against ten in six untreated rabbits 

In the next series, the first treated in open wire cages, the dose 
of living streptococci was slightly increased Six treated rabbits gave 
ten joint lesions, three not having lesions Six untreated had sixteen 
joint lesions, none of the animals escaping 

In a further senes of eight rabbits, four treated gave five lesions 
and four untreated nine joint lesions This time the rabbits were 
not treated until arthritis developed, and then the light treatment was 
pushed The treated rabbits improved, while the others continued 
to have new involvements 

The most reliable factor for study was the actual formation of 
pathological lesions m and around joints, with impairment of function, 
pain, swelling or exudation and confirmation of our clinical findings 
by necropsy 

The joint lesions were classified as mild, moderate or severe An 
arthritis was considered as mild when impairment of function and 
tenderness on palpation were transitory in character and swelling 
was either absent or of a mild degree, moderate, when impairment 
of function and tenderness were of longer duration and the enlarge- 
ment had largely disappeared at necropsy, and severe, when the 
swelling was readily noticeable, the function entirely lost, and either 
marked exudation or suppuration present at autopsy in the joint and 
periarticular tissues. 

Table Showing Comparison of the Total Results in Twenty-Two 
Treated and Twenty-Two Untreated Rabbits 


Treated Untreated 

No of joints involved per rabbit 12 258 

Severe lesions .. . .20 110 

Average gam in weight in grams 650 3825 

Average daily temperature , 103 3 ^ ^ 1038 

Average maximum temperature 1049 l05 5 
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As will be seen in Table 1, the number of joints nnohed pei 
labbit in the twenty-two treated was 1 2 or a total of twenty-seven, 
two of these being classed as severe In companson we find that 
the untreated animals developed fifty-seven arthritic lesions, or 2 58 
per rabbit, over twice as many per animal as m the former group 
In further confnmation of this, the untreated animals had eleven 
severe lesions or five times as many as the treated animals 

In a previous paper^ by one of the contributors on the prophv lactic 
tieatment of experimental arthritis w'lth vaccines, it was observed 
that the w^eight curv'C of the treated animals was moie uniform than 
the weight curve of the untreated This led to the observation of 



Chart 1 — Composite weight curve of twenty-two treated and twcnt\-two 
untreated rabbits Solid line, treated animals, broken line, untreated animals 

the weight changes in this series of experiments Somewhat similai 
lesults were noted The rabbits under the rays of the incandescent 
hght gained on an average almost twice as many grams per animal 
as those untreated, or an average of 65 to 38 gm All the animals 
did not gain m weight There were individual losses in each group 
but the total gam favored the treated animals, as shown m Table 1 
To eliminate as many variable factors as possible, the total average 
gam was based on the weight of the animals at the time of death 
from the streptococcus infection, or when they were chloroformed 
tor necropsy The latter period was from two to six weeks after the 
injection However, the animals were weighed at regular intervals 
during the course of the experiments and Chart 1 illustrates much 


1 Moore, J J Jour Infect Dis, 1914, xv, 215 
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better than words the marked variations in the average composite 
weight curve of the two groups It will be observed that up to the 
fifth day the variations are approximately the same, the difference 
shown being m favor of the untreated animals After that date, 
which corresponds with the appearance of arthritic lesions, although 
the curves are somewhat parallel, there is a great difference in degree 
Of the animals living on twelfth day the total composite weight gam 
tor the treated was 837 gm and for the untreated 142 gm 

Again, the composite temperature curve of the treated animals is 
not as high as that of the other group, as is illustrated by Chait 2 
This IS important, as the atmospheric temperature in the cages with 
the light was usually from 15 to 20 degrees Centigrade higher than 
m the cages of the controls Another point of interest is that the 
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Chart 2 — Composite temperature curve of twenty-two treated and twenty- 
two untreated rabbits Solid line, treated animals, broken line, untreated 
animals 

average maximum temperature of the treated animals was 0 5 degree 
Fahrenheit lower than the controls, as shown by Table 1 The same 
variation was found m the average daily temperature of the two 
groups The leukocyte count of the two series showed but little 
A ariation The last two senes eliminated the heat factor to a consider- 
able extent, the temperature in these experiments being only 4-6 
degrees C above the surrounding temperature 

CONCLUSIONS 

The production of experimental arthritis in rabbits was either pre- 
vented, or was much milder in degree, in animals treated with the 
continuous incandescent electric light than in the controls not treated 
Rabbits treated with the incandescent electric light after develop- 
ing acute experimental arthritis recovered more rapidly than the con- 
tiol animals 


SOS Honore Street 





THE INTRASPINAL TREATMENT OF SYPHILIS OF 
THE CENTRAL NERVOUS SYSTEM, ACCORDING 
TO THE METHOD OF SWIFT AND ELLIS 

RICHARD DEXTER, MD, and CLYDE L CUMMER, MD 

cmrLAND 

In 1912 Swift and Ellis^ described a method for the intraspinal 
treatment of syphilis of the cerebrospinal axis They felt that since 
practically all drugs were excreted into the subarachnoid space either 
poorly or not at all, a direct application of sahaisan to the meninges 
would have a distinctly greater curative ellect than when salvarsan 
was given only b}'^ the intravenous route That intraspinal injections 
of salvarsan or neosalvarsan, dissolved m salt solution, were far too 
irritating to be practical was shown by their- experiments on monke) s 
The medium which Swift and Ellis^* “ finally decided on was the blood 
serum of a patient, withdrawn shortly after the intravenous adminis- 
tration of salvarsan This blood serum, diluted with salt solution, was 
introduced into the subarachnoid space, -without severe svmptoms of 
meningeal irritation and with beneficial results in syphilis This 
method has been ciiticized on the ground that it was unnecessary 
because the intravenous injection of salvarsan was all-sufficient in 
Its action In the light of the recent investigations of Adler,^ Flall,'^ 
Swift,® Camp'^ and others, who have shown that no arsenic, or only 
the merest trace of it, appears m the spinal fluid after the intravenous 
administration of salvarsan, it would seem that the direct method 
is the only way in which arsenic can be introduced into the sub- 
arachnoid space m adequate dosage 

Another criticism has been that a therapeutically negligible amount 
of arsenic was introduced in the “autosalvarsanized” serum Draper® 
has shown that no more than 0 25 milligram to 0 5 milligram of sal- 
varsan can be introduced repeatedly with safety into the subarachnoid 
space Swift® and Adler^ have shown that blood serum, removed a 

* Submitted for publication Sept 9, 1915 

1 Swift, H F, and Ellis, A W M New York Med Jour, July 13, 1912 

2 Ellis, A W M , and Swift, Homer F Jour Exper Med , 1913, xviii, 4 

3 Swift, Homer F, and Ellis, A W M The Archives Int Med, 1913, 
xii, 331 

4 Adler, Herman M Boston Med and Surg Jour, 1914, clxxi, 900 

5 Hall, G W Jour Am Med Assn, April 24, 1915, Ixiv, 1384 

6 Swift, H F Jour Am Med Assn, 1915, Ixv, 209 

7 Camp Lancet-Clmic, 1915, cxiii, 116 

8 Draper, George The Archives Int Med, 1915, xv, 16 
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short time after the intravenous administration of salvarsan, contains 
amounts varying between these limits, and seldom below them 

It would seem, then, that by the mtraspmal injection of auto- 
salvarsanized serum we have a method of introducing arsenic in non- 
toxic doses into the subarachnoid space Several other methods for 
the introduction of neosalvaisan and salvarsan into the subarachnoid 
space have been described, notably that of Ravaut® and Wile’s^® modi- 
fication of this method and that of Ogilvie A discussion of these 
methods would be out of place in this paper as we have had no per- 
sonal experience with them 

Since the communications of Swift and Ellis, numerous reports 
regarding the efficiency of autosalvarsanized serum in the treatment 
of syphilis of the central nervous system have appeared A brief 
review of them is of considerable interest 

McCaskey^^ gave twenty mtraspmal injections to seven patients 
His longest observation extended over a period of three months He 
states that some of his patients improved very much under treatment 
He gives no data as to the effect of the treatment on the laboratory 
findings In another article^^ the same author describes some tech- 
nical modifications of the method, but fails to state whether or not 
his results were favorable 

Hough^^ treated six paretics As two of his cases received but 
one treatment each, his report is based on his results m four cases 
Three showed some symptomatic improvement, while all four showed 
marked improvement m the blood and spinal fluid findings 

Cutting and Mack^® report their results m six cases of paresis 
and one case of cerebral syphilis The mental condition m all but 
one showed no improvement There was no marked change m the 
neurological findings The cell counts m the spinal fluids showed a 
constant and marked reduction, although the Wassermann reaction 
remained positive and there was no effect on the globulin content 
In eight cases of paresis treated by Myerson^® definite changes were 
seen m the spinal fluid findings after treatment No real clinical 
improvement was seen 

Pillsbury^'^ used the mtraspmal treatment m eleven cases of 
advanced paresis Six of these patients showed improvement either 

9 Ravaut, P Bull et mem Soc med d hop de Pans, 1913, xxxvi, 752 

10 Wile, U J Jour Am Med Assn, 1914, Ixii, 1163, ibid, 1914, Ixiii, 173 

11 Ogilvie, H S Jour Am Med Assn, Nov 28, 1914, Ixiii, 1936 

12 McCaskey, G W Jour Am Med Assn , 1914, Ixii, 187 

13 McCaskey, G W Jour Am Med Assn , 1914, Ixii, 1709 

14 Hough, W H Jour Am Med Assn , 1914, Ixii, 183 

15 Cutting and Mack Jour Am Med Assn , 1914, Ixii, 903 

16 Myerson Boston Med and Surg Jour, May 7, 1914 

17 Pillsbury, L B Jour Am Med Assn, 1914, Ixiii, 15 
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in the clinical condition or in the laboratory findings Theic was 
only one case which showed decided clinical improvement 

Mapothei and Beatoid® leport then lesiilts in four cases of early 
paresis They gave li\e combined intraicnons and intraspmous treat- 
ments to each patient There were no appreciable changes noted in 
the mental condition of the patients No changes in the blood and 
spinal fluid Wassermann reactions, which were performed quantita- 
tively, vere seen The pleocytosis and inci eased globulin content 
lemained unaftected in all cases 

Riggs and Hamines''' gave 100 intraspinal treatments to twenty-four 
patients In each patient who leceivcd o\cr four combined injection'^; 
the blood W'^assermann reaction became negatne, cxccjit m one case 
of juvenile paresis The blood and spinal fluid findings became nor- 
mal in every w'ay in 75 per cent of the cases of tabes thus treated 
These changes w^ere accompanied by marked clinical improvement 
In paresis the results of treatment were less encouraging The clinical 
improvement w^as rarely marked c\cn after a great deal of treatment 
had been gu en 

Litterer-® reports a senes of four cases of paresis and ele\en cases 
of tabes or cerebrospinal syphilis in wdiich the intraspinal injections 
were used Ten of the paretics show^ed improvement All the cases 
of cerebrospinal syphilis and of tabes show'cd marked betterment 
Four had had a great deal of salvarsan or ncosalvarsan intravenously 
with no more than temporary improvement of their symptoms 

McClure"^ treated four cases of cerebrospinal syphilis, tw'o of 
tabes dorsalis, one of taboparesis and twm of paresis, a total of nine 
cases None of his cases were observed for a longer period than 
five months All the cases of tabes and cerebrospinal syphilis show^ed 
definite improvement, both clinical and in the laboratory findings One 
case of paresis showed no improvement, wdiile the other improved 
greatly 

Krida^^ has given seventy-two intraspinal injections in eighteen 
cases Out of eight cases of tabes there were four which show^ed 
improvement and four which failed to improve In four cases of 
paresis there was no improvement m the mental symptoms One 
paretic died after an intraspinal injection 

Ayer^^ has reported his results in sixteen cases His report is of 
great value on account of the length of time over which he was able 

18 Mapother, E, and Beaton, T Lancet, London. 1914 clxxxvi, 1103 

19 Riggs and Hammes Jour Am Med Assn, 1914, Ixin, 1277 

20 Litterer, W Lancet-Clinic, 1915, cxni, 359 

21 McClure, C W Boston Med and Surg Jour, 1914, clxxi, 520 

22 Krida Albany Med Ann , 1914, xxxv, 243 

23 Ayer, James B Boston Med and Surg Jour, 1914, clxx, 452 
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to observe his patients. The shortest observation is for a period of 
thirteen months His most flattering results were in cerebrospinal 
syphilis, m which condition Ayer believes that persistent treatment 
in favorable instances, will accomplish a cure In tabes he believes 
that an arrest of the process is often to be expected His results 
m paresis were far less satisfactory 

Draper,® continuing the observations on Swift and Ellis’ original 
series, reports his results m a series of twenty-five cases The report 
is exceptionally careful and detailed The series includes conditions 
ranging from tabes associated with painful crises up to brain involve- 
ments with marked mental disturbance There was marked clinical 
improvement in all classes The pam and ataxia were usually greatly 
relieved Those with bulbar involvement or with mental disturbance 
showed much improvement, not only in the symptoms, but in the 
laboratory evidences of the disease He found that there was appar- 
ently no limit to the number of intraspmal injections which might 
be given when the autosalvarsamzed serum was used 

Smith^^ gave fifty-three injections to twelve patients In some 
of his cases, however, he injected undiluted blood serum into the 
subarachnoid space In this point only did his technic differ from 
the original Swift-Elhs method He used Wile’s modification of the 
Ravaut method fourteen times in twelve additional cases AVith this 
latter method he had ^unfortunate results, and concludes that it is 
too dangerous to use His results with the Swift-Ellis technic were 
excellent Clinically, he found marked improvement, and the sero- 
logical findings in the spinal fluid either diminished or returned to 
normal The pleocytosis m the spinal fluid was affected first, next 
the Wassermann reaction was diminished, but the increased globulin 
content was the slowest of the three tests to disappear 

The general conclusion which can be drawn from the above reports 
indicates that by tins method some changes may occur in paresis, but 
that much permanent improvement is scarcely to be expected On the 
other hand, the effect of the treatment in cerebrospinal syphilis and 
tabes dorsalis seems to be extremely beneficial The symptomatic 
improvement is often marked and a diminution or a complete dis- 
appearance of the serological findings in both the blood and the spinal 
fluid may be expected m most instances 

The method has been criticized on the ground that it is dangerous. 
A careful search of the literature shows the following fatalities 

Lorenz”® treated five patients with paresis Two died He then 
gave up this particular technic, stating that it “has in our hands been 


24 Smith, L D Jour Am Med Assn , 1915, Ixiv, 1563 

25 Loienz Wisconsin Med Jour, 1913, xn, 171 
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veiy iriitating and caused alaiming symptoms Pillsbuiy^’ reports 
the death of a paretic shoitly after an mtiaduial treatment Krida=- 
also lepoited the death of a paietic Neithei Swift and Elhsd'^ 
Ayery3 Diapei,® nor Smith-* have had a fatality m their extensive 
seiics It is notewoithy that the lepoiled deaths lia\c been among 
paietics, and that no fatalities have occurred aftei the tieatment of 
tabetics The number of fatalities in the total number of treatments 
is not alarming, considering the desperate outlook in this condition 
No account is taken of fatalities occuinng after any kind of intra- 
dural treatment except that of Swift and Ellis 

We wish to repoit our results with the mtraspinal injection of 
autosalvarsanized serum m syphilitic affections of the central ner\ous 
system The number of oui cases is limited but tlic value of our 
repoit may be increased by the length of time that some of them 
have been undei observation Our first patient came under treatment 
m January, 1913, and the second one a short time later (March, 1913) 
These two patients were under our care so short a time that they are 
scarcely worthy of consideiation 

In addition to these two preliminary cases we have obsen^cd one 
case of extremely acute cerebrospinal syphilis, eight cases of definite 
tabes or cerebrospinal syphilis and one case of paresis 

' We have followed rigidly the Swift-Ellis technic From one-half 
hour to one hour after an intravenous injection of salvarsan or neo- 
salvarsan from 40 to 50 c c of blood are withdrawn with aseptic 
precautions from the patient by venipuncture, using a McRae needle 
fitted to a 50 cc centrifuge tube The tube is then corked with a 
sterile cork, and after the blood has clotted, the clot is separated from 
the sides of the tube with a sterile platinum wire The serum is 
then separated m a rapid centrifuge, then withdrawn with a sterile 
capillary pipet and ejected into a sterile, graduated, glass-stoppered 
mixing cylinder Especial care must be taken to have the serum 
absolutely free from red blood cells and fibrin Sufficient sterile 
normal sodium chlorid solution is added to make the desired dilution, 
the cylinder is stoppered and is placed in a water bath at 56 C for 
one-half hour On the following day lumbar puncture is performed 
Fifteen c c of spinal fluid are allowed to run out into a graduated test 
tube, when the barrel of a 25 c c Luer syringe is attached to the free 
end of the lumbar puncture needle by the intervention of a section 
of rubber tubing 12 inches long, fitted with shp-joint connections 
When the spinal fluid appears in the syringe (which is held upright 
so that it may be used as a graduated funnel) the serum mixture is 
poured in it This is allowed to flow by gravity 
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ABSTRACT OF CASE HISTORIES 

An abstract of the histones of these cases follows 

Case 1 — (Table 1 ) W. I S Cerebrospinal syphilis Male, 29 years old 
Married. The intraspinous treatment was begun March 13, 1913 The year 
before the patient consulted us he had been temporarily unable to void urine 
and had had to be catheterised Five months later he began to have shooting 
pains in the legs which were thought to be sciatica Attacks of pain in the 


TABLE 1 — (Case 1.) Cerebrospinal Syphilis 

W. I S , aged 29. Cerebrospinal syphilis Duration . one year Syphilis admitted 
Result marked impi ovement 


Date 

Blood 

Wasser- 

mann 

Reaction 

Cerebrospinal Fluid 

Intra- 

venous 

Salvarsan 

gm. 

Serum 
Intra- 
spinously 
c c pet. 

Cells 

per cmm 

j Noguchi 

1 Globulin 
Test 

Wasser- 
mann 
Reaction 
No c c 

2/ 7/13 

+ + + 

153 

+ + 

0 1, 4*+ 



« * 





02, +4--}- 




2/13/13 





914, 0 3 


• 

2/26/13 




• 

914, 0 5 



3/13/13 





914, 06 

* 


3/14/13 * 



16 

+ 

0.3, -j-f-f 

, 

20 

40 

5/14/13 

* 



• • • 

914, 0 6 



S/15/13 



* • 

03, 


25 

40 

6/22/13 t 



• • 

• • * 

914, 06 



7/ 8/13 


• 



606, 06 



7/10/13 


0 

— 

U3, H — h 

• 

25 

40 





04, +-1-+ 




8/21/13 



» 

• 

606, 0 5 



8/22/13 




02, 4- 

4 4 

25 

40 





03, 4-4-4- 




10/ 3/13 

« « 



• 

606, 055 

• 

• 

10/16/13 





606, 0 55 


• 

12/ 1/13 il 




» • 

606, 0 5 



12/ 3/13 


33 

— 

0 5, — 

* 

22 

40 





10, 4-4-4- 




1/26/14 




• • 

606, 05 



1/27/14 


13 

— 

05, — 

• 4 

25 

40 





10, 4“4--i- 




2/ 8/14 

+ + + 

* • • • • 


•« « « 


• 


3/26/14 





606, 05 



3/27/1,4 


3 


08, 4-4-4- 

1 

1 

25 

50 


=*'Patient has been having HgCh injections 
t General condition poor Luetic orchitis 
$ General condition much improved 


legs and abdomen were a frequent occurrence Diplopia and ptosis of the left 
eyelid appeared three weeks before he was seen by us At examination the 
pupils reacted sluggishly to both light and accommodation and were unequal in 
outline The knee and ankle jerks were absent The sensations of touch, pain, 
heat and cold were diminished all over the body except on the face and neck 
The blood showed a very strongly positive Wassermann reaction The spinal 
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fluid showed a great globulin increase, 153 cells to the c mm , and a Wasscr- 
mann reaction strongly positnc with 02 cc of the fluid The pioccss was 
advancing rapidly, for bctw'ccn the time of the first cNamination and the first 
treatment, a period of nineteen days, he grew rapidlj worse It was almost 
impossible for him to get about on account of an c\cr increasing paresis of the 
right leg 

The improicment was very slow in this case IIis general condition was 
poor and he had a complicating luetic orchitis It was not until he had rcccned 
eight intravenous injections and four mtraspmous injections, stretching over 
eight months, that he reported himself as being free from pain in the legs, and 
suffered only an occasional twinge m the chest IIis impro\cmcnt has been 
steady since that time Hi*: last treatment was in March, 1914 

Snmmaix of Ticaiment — This patient has been under obser\ation o\cr two 
years In that time he has receued IwcUc inlra\cnous injection'? of saUarsan 
(a total of 5 4 gm) and seven intraspmal injections Further, he has reccned 
much mercurx, both b\ injection and In inunction 

Results aud Picseut Coiidittoii —\n Mav, 1915, the patient reported that he 
had had only one attack of pain m the last jear He has returned to his busi- 
ness, which he is pursuing as usual lie has regained the power m his right 
leg and he walks perfectly well The plnsical findings are much the same as 
when he was fiist obscr\cd, except that the sensations ha\c returned to a 
marked degree There has been marked impro\ment in the laboratorj findings 
in both the blood and spinal fluid 

Case 2 — (Table 2 ) W !M B Moderately advance tabes Male, 45 j ears 
old Single The intraspinous treatment was begun MaN 8, 1913 The patient 
was infected with syphilis at the age of 25 He walked unsteadily and had 
attacks of lancinating pains in the legs for two years previous to the lime at which 
he was first seen by us He had had three mtra^cnolls injections of saUarsan 
(0 6 gm each) before consulting us At examination, the pupils were unequal 
but reacted to light and accommodation The knee and ankle jerks were absent 
There was a large area of hypalgesia over the outside of the left thigh Rom- 
berg’s sign was present The Wassermann reaction m the blood was stronglv 
positive The spinal fluid showed a moderately increased globulin content, 75 
cells per emm, and a Wassermann positive m 0 1 c c of spinal fluid 

After seven injections of neosalvarsan and five intraspmal injections the 
laboratory findings showed decided improvement The globulin disappeared and 
the cell count was reduced from 75 to 5 per emm Sensory changes were 
less marked and the patient walked better It is interesting to note that the 
lancinating pains in this case disappeared after the first intraspmal treatment 
and have never returned The patient was then put on mercurial inunctions, 
and after a short time he became very uncertain on his feet and had much 
increased numbness and tingling, so much so that he could not walk without 
assistance The mercury was discontinued and he received four intravenous 
injections of salvarsan and one intraspmal injection with a very marked 
improvement in his abihtv to walk 

After receiving eighteen intravenous injections and fourteen intraspmal injec- 
tions, the patient was so much improved that he went west and took up his 
duties as a ranch owner, performing all the duties of ranch life, walking, driv- 
ing, riding, plowing and so forth, without difficulty 

He returned, after an absence of ten months, when we found his blood 
Wassermann reaction negative The globulin content of the spinal fluid was 
not increased The cells were within normal limits and the Wassermann reac- 
tion was strongly positive only when 05 cc of fluid was used 

Summnry of Treatment — ^This patient was under observation over two years 
He has received m all twenty intravenous injections of salvarsan or neosalvarsan 
(the equivalent of 10 7 gm salvarsan) and fifteen intraspmal injections He had 
practically no reaction after either form of treatment 
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TABLE 2— (Case 2) Tabes Dorsalis 

W M B , aged 45 Moderately advanced tabes dorsalis Duration two years Syphilis 
admitted Result marked improvement 


Date 

Blood 

Wasser- 

mann 

Reaction 

Cerebrospinal Fluid 

Intra- 

venous 

Salvarsan 

gm 

Serum 
Intra- 
spinously 
c c pet 

Cells 

per c mm 

Noguchi 

Globulin 

Test 

Wasser- 
mann 
Reaction 
No c c 

5/ 2/13 

4- + + 

75 


01, 4-4-4- 




5/ 7/13 





914, 06 



5/18/13 





914. 06 



5/19/13 






25 

40 

6/ 3/13 





914, 06 



6/ 4/13 


20 

4- 

01, 4-4-4- 


25 

40 

6/18/13 





914, 06 



6/19/13 


10 

4- 

01, 4-4-4- 


25 

40 

7/ 1/13 





914, 09 



7/ 2/13 


5 

— 



25 

40 

7/16/13 





914, 09 



7/17/13 




02, 4-4--t- 


25 

40 

7/31/13 





914, 09 



8/ 6/13 

Pupils equ 

al H y p a 1 

gesia less 





8/27/13 

Used Hg 

rubs Sensa 

tion dulled 





9/12/13 

-j — j — ^ 

1 

— 

I 02, 4- 








J 0 3, -f- -j- -f- 




9/15/13 





606, 05 



9/29/13 




1 

606, 0 5 



10/13/13 





606, 0 5 



11/ 1/13 

4“ + + 







11/ 6/13 





606, 05 



11/ 7/13 


10 

— 

01, 4--f--l- 


25 

40 

11/17/13 

Numbness 

gone Sen 

sation eve 

1 r y w h e r e 

acute 



12/ 1/13 « 




! 

606, 05 



12/ 2/13 


6 


'03, 4-4-4- 


25 

40 

1/ 8/14 1 





606, 06 



1/ 9/14 


0 

— 

0 2, 4-4-4- 


25 

40 

2/ 5/14 





606, 06 



2/ 6/14 




03, 4-4-4- 


25 

40 

2/19/14 





606, 06 



2/20/14 



4- 

03, 4-4-4- 


25 

40 

3/ 5/14 





606, 06 



3/ 6/14 

! 



04, 4-4-4- 


25 

SO 

3/19/14 

i 




606, 06 



3/20/14 

4-4- i 



03, 4-4-4- 


25 

50 

4/ 6/14 




i 

6U6, 0 6 



4/ 7/14 t 



4- 

! 03, -k-k-P 


25 

50 

2/ 6/15$ 

— 



t05, 4-4-4- 




2/15/15 




1 

914, 09 



2/16/15 


1 

— 

U 5, 4--k-k 


25 

50 

3/ 2/15 




1 

914, 09 



3/ 3/lS 


0 




25 

50 


Surer on feet Walks better 

fNo sensory disturbance subjective or objective Can walk and run 
Also negative when done with two and three times the usual amount of patient’s serum 
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Results and Present Condition — The patient is now able to follow Ins usual 
occupation without difficulty April 30, 1915, he wrote tliat he ^\alkcd iiormallj, 
though he felt a little stiffness from his knees down and that he could co\cr 
three or four miles a day without difficulty There has been no change in the 
physical findings except that practically no sensory disturbances exist There 
has been a marked improvement in the serological findings From a functional 
and symptomatic point of view this patient is \nstly improved 

CASr 3 —(Table 3 ) HOB Male, aged 34 Single Cerebrospinal 
syphilis with very acute onset of symptoms Had been drinking heavily and 
was brought to the Cleveland City Hospital for what was presumed to be 

TABLE 3 — (Case 3) C^RLBROSPI^ \l Svpiiius 
HOB, aged 34 Acute cerebrospinal syphilis Result marked improvement, 


,v'-eland City Hospital 


Date 

Blood 

Wasser- 

mann 

Reaction 

Cerebrospinal Fluid 

Intra- 

venous 

Salvarsan 

gm 

! 

Scrum 
Intra- 
spinously 
c c pc't 

Cells 

per c mm 

Noguchi 

Globulin 

Test 

Wasser- 
mann 
Reaction 
No c c 

3/21/14-^ 

+ ~k + 

550 

+ + 

01, ++ + 



4/13/141 


155 

Faint -f 

Ol, 



4/27/14 


1 



045 


4/28/14 




02, ^ — [- + 


25 40 

5/ 2/14 

+ + + 






5/12/14 





06 


S/19/14 





06 


5/20/14 


30 

+ 

0 2, 4 — 1 — h 


25 40 

6/ 2/14 





06 


6/ 3/14 


30 

+ 

03, ++ + 


25 40 

6/ 5/14 

+ + + 






6/18/14 





06 


6/19/14 


15 

+ 



25 40 

7/ 8/14 





06 


7/ 9/14 

* 

10 

+ 

03, + + 


25 50 

7/27/14 





06 


7/28/14$ 


5 

0 

03, 4 — 1 — h 


25 50 

8/ 9/14 § 


7 

0 

02, +-|-f 



5/31/15 ff 

Negative 

3 

0 

05, 4- 







01, 4-4-4- 




■^Wdd delirium followed by unconsciousness with fever and signs of acute meningeal 
involvement Double papillitis 

t Mercury bmiodid, Vs gr intramuscularly, eighteen doses 
$ Serum followed by very severe reaction Heavy trace of albumin in urine 
§ Discharged from the hospital with slight facial paresis and paresis of left arm Much 
improved 

If Only slight slurring of speech and paresis of left arm No treatment from 8/9/14 
to 5/21/lS 

delirium tremens Two weeks after admission the patient developed a paresis 
of the left arm and of the left side of the face associated with a marked 
ngidity of the neck and double Kermg’s sign and a double Babinski reflex 
The pupils reacted to light The right was larger than the left The temper- 
ature rose to 103 6 and the pulse to 108 He had incontinence of both urine 
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and feces The spinal fluid was turbid, showed 550 cells per cmm, a heavj'- 
Noguchi globulin reaction and a positive Wassermann reaction m 01 cc of 
the spinal fluid Under intramuscular injections of mercury biniodid, gr V 2 , 
of which he received eighteen, together with large doses of potassium lodid, the 
acute symptoms cleared up, but the patient was very weak His mentality was 
slow and his speech halting His first intraspinal injection was given April 28, 
1914 During three months following the patient received seven intravenous 
injections of salvarsan, a total of 4 05 gm, and four intraspinous injections of 
25 cc of ,40 per cent serum and two intraspinous injections of 25 cc of 50 per 


TABLE 4 — (Case 4) Tabes Dorsalis 

C H Z, aged 44 Tabes dorsalis several years’ duration Syphilis denied. Result 
marked improvement 


Date 

Blood 

Wasser- 

mann 

Reaction 

Cerebrospinal Fluid 

Intra- 

venous 

Salvarsan 

gm 

Serum 
Intra- 
spinously 
c c pet 

Cells 

per cmm 

Noguchi 
Globulin * 
Test 

Wasser- 
mann 
Reaction 
No c c 

6/ 4/14 




* • • 

914,06 



6/ 5/14 


62 

+ + 

02, +-f + 


25 

40 

6/18/14 





914, 09 



6/19/14 


15 

+ 

04, +++ 


30 

40 

7/29/14 ' 




^ * 

914, 09 



8/ 1/14 


0 


0 5, — 


30 

40 





10, 4 — {- + 




9/ 9/14 




* * i 

914, 09 ^ 



9/10/14 


6 

— 

0 5, — 


20 

40 





10, +++ 




10/ 1/14 




* 

914, 09 



10/ 2/14 




0 8, +++ 


20 

40 

10/30/14^ 





1 606, 04 

1 


10/31/14 




08, ++ 


30 

40 





1 0, -f-j — h 




12/ 2/14 




• • • • • 

606, 04 


• 

12/ 3/14 


1 

— 

I 0 7, 4-4*+ 


30 

40 

1/28/15 




* 

606, 05 


« 

1/29/15 t 


0 


05 ; — 


15 

40 




i 

10, +++ 




3/18/15 




1 

606, 0 5 



3/19/15 


0 


10, ± 


25 

40 


Gamed in weight No crises since 10/2 
fNo crises Occasional twinge m leg 


cent serum After the last injection the patient had a severe reaction, char- 
acterized by pains m the head and abdomen and by albuminuria While under 
intraspinal treatment the patient gamed 20 pounds in weight His mentality 
improved greatly and his general strength increased He left the hospital and 
returned to his work as a manager of a shoe store, which he carried out to 
the satisfaction of his employers He was seen again nine months after his 
discharge from the hospital The patient was well nourished His speech was 
slightly halting, but questions were answered intelligently He showed n j 
tendency to the speech defects typical of paresis The pupils reacted a little 
sluggishly to light The paresis of the left arm was still present but no other 
abnormalities were made out on phj^sical examination The blood Wassermann 
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reaction was negative The spinal fluid showed three cells per cubic millimeter, 
a negatnc Noguchi globulin reaction and the Wassermann reaction ga\c a 
strongly positive reaction with Q 7 c c of the fluid 

In this case the acuteness of the ‘•\mptoms at onset is \trj striking Under 
treatment the symptomatic impro\emcnt was %cr\ marked, while the serological 
findings in blood and spinal riiiid remained almost the same, except for the 
diminution m cells and globulin content m the spinal fluid 

Results and Picsent Condi/mn — Obscrxatioii after nine months without 
treatment showed that the patient had returned to economic cfllcicrci and it 
IS interesting to note that during this tunc his serological miproicrncnt had 
become verj marked IIis process has not onl\ been arrested but has receded to 
an apparently harmless degree of latcnci lie should, of course, rcccne treat- 
ment until all the serological signs of the disease ha\c disappeared 

Suntmaiv of Ti catment — This patient rcccucd SL\cn mtraicnous injections 
(a total of 4 05 gm salvarsan) and six intraspmal injections preceded In 9 gr 
of mercurj biniodid intramuscularK, during a period of a little less than fnc 
months 

Case 4 — (Table 4) C II Z 1 abes dorsalis (moderateK ad\anccd) Man, 
44 years old Had been troubled for some jears with gastric crises and with 
incontinence of urine No history of a luetic infection could he obtained The 
pupils \vere pin point and did not react to light Knee and ankle jerks were 
lacking, muscle sense was impaired and Romberg’s sign was present Rcccucd 
first intraspinous treatment June 5, 1914 After the first combined treatment 
there was a marked subsidence of pain, and after the third treatment he began 
to show decided improvement in general condition The spinal fluid taken after 
two combined treatments show'cd a disappearance of the Kinphocjtosis and 
with 05 cc the Wassermann rcactioli w'as negatnc 

Summaiy of Treatment — He has received neosalvarsan or salvarsan intra- 
venously nine times (the total being equnalcnt to 46 gm of saharsan) and 
nine serum injections The reaction to the intraspinous treatments were at first 
severe but latterly they have been less maikcd 

Pi esent Condition — Clinically his present condition is greatly improved The 
pains have disappeared, except for recrudescences in mild form when he is 
fatigued His weight has increased, he feels w'cll and his economic efficiency 
has been restored Physical examination show's no change in pupils or reflexes 
but the Romberg sign is less marked and the muscle sense is improved The 
laboratory findings are very gratifying The cell count is normal, globulin is 
absent, and even when 1 0 c c of spinal fluid was employed the result of the 
Wassermann reaction was negative (±) 

Case 5 — (Table 6) Mrs WAD Early tabes Female, 34 years of age 
Married Complained of occasional incontinence of urine and stumbling The 
symptoms had been in evidence for one and one-half years Infection had taken 
place twelve or thirteen years previously At that time she had received “pills” 
for a year only Examination showed inequality of pupils with failure to react 
to light, absence of knee and ankle jerks and Romberg’s sign For a year 
before consulting us some soluble mercurial preparation had been administered 
intensively Under this therapy she made some improvement, but it was slight 
and very slow' The Wassermann reaction, using blood serum, was strongly 
positive and the spinal fluid showed 95 cells per c mm a positive globulin test, a 
Wassermann reaction when only 01 cc was employed 

The improvement in this case after the institution of intravenous and intra- 
spinous treatment was rapid and striking After the first two treatments she 
reported that she was able to run up stairs from the basement to the second 
story, while previously in ascending stairs she had to stop after climbing 
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up a few steps “to take the twist out of her legs ” The subarachnoid fluid 
showed the Wassermann reaction to be less than one-fifth as stiong as it had 
been. Altogether this patient has been under observation six months 

Summary of Treatment — The patient has taken six injections of neo- 
salvarsan or salvarsan (the total being equivalent to 3 0 gm of salvarsan) and 
has been given two intraspinous injections 

Piesent Condition — When the spinal fluid was examined last the lympho- 
cytosis and the trace of globulin had disappeared, and the Wassermann reac- 
tion was negative with 0 5 c c , though positive with 1 0 c c In addition, the 
clinical result in this case has been very striking The incontinence has cleared 
up, the gait has improved She is much stronger and can accomplish more 
The pupillary reaction and the ankle and knee jerks are unchanged 


TABLE 5 — (Case 5) Tabes Dorsalis 

Mrs W A. D , aged 34 Early tabes dorsalis Syphilis admitted Result marked 
improvement 


Date 

Blood 

Wasser- 

mann 

Reaction 

Cerebrospinal Fluid 

Intra- 

venous 

Salvarsan 

gm 

Serum 
Intra- 
spinously 
c c pet 

Cells 

per c mm 

Noguchi 
; Globulin 
Test 

1 

Wasser- 
mann 
Reaction 
No c c 

10/14/14 

-f -f-l- i 




1 


10/19/14 





914, 06 


10/20/14 1 


95 

+ i 

01, -f-fd- 


25 40 

11/13/14-'' 





914, 09 


12/30/14 





914, 09 


12/31/14 t 




05, -f- 


21 SO 





0 1, -f-f-f- 

914, 09 


1/22/15 







2/ 5/15 





606, 04 


3/ 5/15 

t~ 




606, 04 


4/ 8/15 


1 

— 

0 5, — 







10, -f-h-f 




'■''Already feels much bettei 
t Coordination much improved 

lAlso negative when reaction was performed using two and three times usual amount 
of patient’s serum 

Case 6 — (Table 6) D W H Moderately advanced tabes Man, aged 39 
He acquired syphilis in 1901 His tieatment was interrupted after six months 
on account of very severe typhoid fever which intervened Following con- 
valescence fiom typhoid, lodid and mercury were taken by mouth periodically, 
and since then he has had broken courses of mercury The first symptoms of 
nervous disturbance came in March, 1913 After this he had a nervous break 
down associated with dyspepsia In October, 1914, he noted stiffness and numb- 
ness in the extremities Soon after he had severe pain in the back and had 
much difficulty with locomotion on account of “stiffness m his legs” 

The patient has received a portion of his treatment from Dr H M Brun- 
dage of Columbus, who has very courteousl}'^ furnished us with a sjnopsis of 
his findings When the patient was first seen by him Dec 28, 1914, the blood 
serum Wassermann reaction was negatne and the spinal fluid showed ISO celF 
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per cubic millimeter, a decided trace of globulin and a strongly positive Wasscr- 
mann reaction, the quantities vaijing from 01 to 0 5 cc (c\presscd in terms 
of modified technic) Dr Brundage admmistcicd a total of three intravenous 
and three intraspinous injections The patient noted decided improvement three 
daj-^s after his first treatment 

When vve saw the patient the pupils showed inequalitv hut reacted promptlj'' 
to light and accommodation The knee jerks and ankle jerks were absent 
Muscle sense was impaired There were marked sensorj changes \ Might 
Romberg sign was present and the patient had a tv’pical tabetic gait The 
spinal fluid showed that the cell count had diminished to 2 per cubic centi- 
meter, the butyric acid reaction was only fainllj positive and the Wassermann 
reaction was negative with 0 5 cc, but strongly positive with 10 cc 

TABLE 6 — (Cash 6) MoorRATriA AnvAN'crn Tahrs 


D W H, aged 39 Modcratelj advanced tabes Result marked improvement 


Date 

Blood 

Wasser- 

mann 

Reaction 

Cerebrospinal Fluid 

Intra- 

venous 

Salvarsan 

gm 

1 

Scrum 
Intra- 
spinously 
c c pet 

Cells 

per c mm 

Noguchi 

Globulin 

Test 

W asscr- 
mann 
Reaction 
No c c 

Previous to 


150 

+ + + 

02, -f-f-f- 

t 



March, 








1915 -i 





j 




— 












04 





2 

Faint -k 1 

05, — 


30 

40 





10, +-}-k 









04 





0 

— 

0 5, — 


30 

50 





10, -1-++ 




6/11/15 





04 



6/12/15 




07, — 


28 

50 





09, -k 








10, -k++ 




7/30/15 





05 



7/31/15 

— 

1 

Faint -f- 

05, — 


32 

SO 





10 , ±: 





* While he was under the care of Di W H Brundage of Columbus, Ohio, to whom 
we are indebted for the above data 

t Three injections of 06 gm followed by three intraspinal treatments of 20 cc of 
50 per cent serum-NaCl mixture 
t Marked clinical improvement 

Summary of Treatment — He has received in all seven intravenous injections 
of salvarsan, a total of 3 5 gm, and seven intraspinal injections of saWarsanized 
serum 

Present Condition — At present the appreciation of pain has returned in both 
legs, muscle sense is accurate and the vibratory sense has returned over the 
greater part of both legs The patient has no pains and no stiffness, he takes 
exercise and goes about his business with zest and is living a normally efficient 
, existence The Wassermann reaction is negative in the blood The globulin 
content of the spinal fluid is not increased There is one cell to the cubic milli- 
meter and the Wassermann reaction on the spinal fluid is but a plus-minus 
reaction when 1 0 c c of the spinal fluid is used This case can fairly be con- 
sidered at present a clinical and serological cure 
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Case 7 — (Table HR Moderately advanced tabes Male, aged 32 
Married. First intraspmal treatment given April 23, 1914 Patient was infected 
eleven years ago There were no noticeable secondary manifestations so that 
no treatment was taken nntil two years after the infection, when sores appeared 
in the mouth and throat For five years the patient had suffered excruciating, 
lancinating pains in the legs The crises of pam sometimes lasted for thirty-six 
hours There was occasionally involuntary micturition The patient was a 
well developed young man The pupils were widely dilated and reacted to 
light The knee and ankle jerks were absent There was a slight Romberg’s 

TABLE 7 — (Case 7) Moderately Advanced Tabes 


H R, aged 32 Moderately advanced tabes Duration five years Syphilis admitted 
Result improvement 


Date 

Blood 

Wasser- 

mann 

Reaction 

Cerebrospinal Fluid 

/ 

Intra- 

venous 

Salvarsan 

gm 

Serum 
Intra- 
spinously 
c c pet 

Cells 

per c mm 

Noguchi 

Globulin 

Test 

Wasser- 
mann 
Reaction 
No c c 

3/28/14 

+ + + '^ 

* • 9 • • 

* i 

« 

i 


4/22/14 


« • * * • • 


• 

914, 09 


4/23/14 


10 

+ 4" 

04, - 

0 

25 40t 





0 5, +++ 



5/27/14 


• • • • • 



606, 0 4$ 


5/28/14 


0 

• 

05, — 

1 

25 40 





1 0, ++-|" 

i 


6/17/14 


« * • • « « 

i 


606, 04 

• 

6/18/14 


3 

+ 

05, — 

• 

25 40 


1 



10, 



7/22/14 





606, 045§ 


7/23/14 • 




05, — 

• 

20 40 





10, +++ 



9/ 3/14 

. ! 

« • • 



606, 04 


9/ 5/14 

+ + + , 

0 

+ 

05, - 


20 SOU 


1 



10, +++ 



1/ 6/15 

i 

1 

• « 



914, 06 


1/ 7/15 

• 



10, - 


25 40 


*This reaction was so strong that it was given with one-eighth the usual amount of 
the patient’s serum 

fVery severe reaction 
jLeg pains worse 
§ Feels wonderfully well, little pain 
^Pams have returned Not so severe 

sign The blood showed a strongly positive Wassermann reaction The spinal 
fluid showed a marked increase in the globulin content, 10 cells to the cubic 
millimeter, and a Wassermann reaction positive with 05 cc of the fluid 

Smnmaiy of Tieatment — This patient was under our observation for ten 
months, during which time he received six intravenous injections of salvarsan 
or neosalvarsan (a total equivalent to 2 65 gm of salvarsan) and six intra- 
spmous injections In addition to this he received intramuscular injections of 
mercur}’- salicylate "with regularit}’’ 

Results and Picscnt Condition — Sj mptomatically the patient shoved improve- 
ment in that the lightning pains abated temporarily Later they became trouble- 
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some again The spinal fluid findings arc interesting in that after fne intra- 
spinal injections thev disappeared entireh, although the blood still remained 
positive His last combined ticatment was in January, 1915 In April, 1915, 
he wiote us the following “I have the paiiii some, but less se\crc Mj head 
IS clear I go sometimes a week without a sign of a pain . sleep well, 

wdiich certainly goes to show that cither one of the treatments” fnilraspinal or 
mercury] “or the combination of the two has not been without result” In July, 
1915, seven months after his last treatment, we arc informed that the patient 
died of an acute nephiitis following a see ere, widcsjircad i \3 poisoning 

Case 8 — (Table 8) L B D Adeanced tabes Male, aged 40 Jilarricd 
First intraspinal treatment Nov 11, 1914 Infected with sjphilis twelve vears 
previously There were no sccondarv manifestations, so that nothing but local 
treatment was ever given The spinal cord svinptoins had been present for a 


TABLE 8 — (C'vSE 8) Advanced Tadi s 

L B D, aged 40 Advanced tabes dorsalis Svmptoms of several j cars' duration 
Syphilis admitted Result slight improvement 


I 

Date 

Blood 

Wasser- 

mann 

Reaction 

Cerebrospinal Fluid 

Inlra- 
v enous 
Salvarsan 
gm 

Scrum 
Inlra- 
spinouslv 
c c pet 

Cells 

per c mm 

Noguchi 

Globulin 

Test 

Wasser- 
mann 
Reaction 
in c c 

Sp Fluid 

8/26/14 

+ + + 







11/10/14 

1 


1 


914, 06 



11/11/14 ' 


23 

+ + 1 

03, -f-f-f 

1 

20 

40 

12/ 1/14 





914, 0 8 



12/ 2/14 


2 

+ 

02, -1- + -1- 


25 

40 

12/18/14 





914, 09 



12/19/14 


1 

+ 

0 3, -F-l- 


25 

50^ 





04, -j- + + 




1/ 4/15 





606, 04 



1/ 7/lS 


13 

+ + 

02, 4- 


22 

50 





0 3, 





^ Walks better 


number of years He had lost much w'eight His color was yellowish He 
was distinctly emaciated and anemic The pupils were unequal in size and did 
not react to light The knee and ankle jerks w'ere exaggerated There was 
a marked ataxia The blood showed a strongly positive Wassermann reaction 
The spinal fluid showed a marked increase in globulin, 23 cells per cubic milli- 
meter, and a Wassermann reaction which was positive when 03 cc of the fluid 
was used We were inclined to expect little, if any, improvement m this case 
in the light of the low cell count combined with the symptoms of rapid 
degeneration 

Summary of Ti eatment — He received four intravenous injections of salvarsan 
or neosalvarsan (a total equivalent of 1 92 gm of salvarsan) in a period of 
two months This was preceded by two months of intensive mercurial injections 

Results and Present Condition — The present condition is unchanged The 
cel count m the spinal fluid fell from 23 to 1 3 per cubic millimeter, while the 
globulin content and the Wassermann reaction showed no diminution 
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Case 9 — (Table 9) A J K Moderately advanced tabes Male, aged 31 
We had seen this patient in consultation in November, 1911 At that time he 
gave a history of having been infected six years previously and of “taking pills” 
for three years, almost constantly He then had a sensation of a band around 
the' waist and numbness in the hands and feet Even at that time signs of 
moderately advanced tabes were definite and unmistakable The blood Wasser- 
mann reaction was strongly positive On account of the then prevalent distrust 
of salvarsan in neurological conditions, vigorous mercurial treatment was 
employed exclusively With this he grew rapidly worse and had a partial 
paraplegia When seen again in January, 1914, he had been having daily mer- 
cury injections for six months and a dose of neosalvarsan intramuscularly He 
was up and about and felt fairly well The blood Wassermann reaction was 


TABLE 9 — (Case 9) Moderately Advanced Tabes 

A J K , aged 31 Moderately advanced tabes dorsalis Duration over three years 
Syphilis admitted Result slight improvement 


Date 

Wasser- 

Blood 

mann 

Reaction 

Cerebrospinal Fluid 

Intra- 

venous 

Salvarsan 

gm 

Serum 
Intra- 
spinously 
c c pet 

Cells 

per c mm 

Noguchi 

Globulin 

Test 

Wasser- 
mann 
Reaction 
m c c 

Sp Fluid 

11/25/11 

+ + + 1 






1/17/14 

+ 






11/28/14 







12/ 3/14 





914, 0 9 


12/ 4/14 


12 5 

+ + + 

02, +++ 


25 40 

12/29/14 





914, 09 


12/30/14 



+ + + 

02, 


21 50 

2/ 5/15 





606, 0 5 


2/ 6/15 


13 

+ + + 

02, + 


25 50 





03, -f — h + 



3/19/15 





606, 0 4 


3/20/15 


0 

+ + 

02, — 


30 40 





0 3, +++ 



5/29/15 





606, 04 


5/30/15 


0 

Not 

02, + 


30 50 




examined 

0 3, + + + 

• 




Reaction + + + when twice usual amount of patient’s serum was used 


very faintly positive We began the Swift-Elhs treatment m December, 1914 
Then the pupils were small and showed no light reaction, the knee and ankle 
responses were abolished and there was a slight Romberg sign Mentally the 
patient seemed rather slo'w The spinal fluid findings ere cell count, 12 5 , 
globulin, very heavy trace, Wassermann reaction, strongly positue with 02 cc 
The Lange colloidal gold test Avas positive 

Summary of Treatment — ^This patient has been under our immediate super- 
vision for only six months He has had five intravenous injections, two of 
neosalvarsan and three of saharsan (the total being equivalent to 2 5 gm of 
salvarsan), and four serum injections 

Present Condition — We feel that he has been under observation too short 
a time to permit drawing an} conclusions of especial Aalue The spinal fluid 
h mphocAi;osis disappeared rapidly, and the patient reports that he feels stronger 
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and better and that he js able to do more work on his larin this summer than 
he could a jcar ago Ihe lustoij, with the long duration of the condition, 
the seventy of the symptoms, and the evtent of iinohcmcnt, pointed m advance 
to the need for prolonged treatment 

C\sc 10 — (Table 10) J L S General paresis Alale, aged 45 Married 
Infected with syphilis twenty jears ago Has taken small amounts of nicrcurj 
at intervals Two jears ago the patient began to h.ive stomach trouble lie 
was seen in March, 1915 llis speech was thick and he liad the' classical sunp- 
toms of an early paresis The pupils were irregular and unequal m si^e The 
knee and ankle jeiks were exaggerated T here were no definite sensorj changes 
The blood show’cd a stronglj positive Wassermaim rc.iction 'J he spinal fluid 
showed a cell count of 25, a ver} marked globulin increase and a M nssermann 
reaction positive m 02 cc of spinal fluid fhe patient had lost much weight 


TABLE 10 — (Casi 10) Eaki \ Pahi sis 

J L S, aged 45 Married Earlv parc'-is Result improvement especiallv m sero- 
logical findings 


Date 

Blood 

Wasser- 

mann 

Reaction 

Ccrebiospinal Fluid 

Intra- 

venous 

Salvarsan 

gm 

Serum 
Intra- 
spinousl> 
c c pet 

Cells 

per c mm 

Noguchi 

Globulin 

Test 

Wasser- 
mann 
Reaction 
No c c 

3/20/15 

+ + + 

1 25 

+ + 

02, + + + 



4/23/15 

I 




0 35 * 


5/21/15 





04 


6/10/15 


1 



04 


6/25/15 





0 45 


6/26/15 




0 3, — 


20 40t 





04, + + + 



7/12/15 





05 


7/13/15 


0 

+ + 

0 5, — 


28 50t 





10, + + -h 




'^Between 3/20 and 4/23 intensive mercury treatment No improvement 
t Lange colloidal gold test typical paretic curve 
j Lange much less marked 


and was running down rapidly Between April, 1915, and July, 1915, he has 
received five intravenous injections of salvarsan (a total of 2 1 gm ) and two 
intraspmal treatments, one of 40 per cent and one of 50 per cent serum After 
the first three intravenous injections the patient showed very little change in 
his condition In fact, his difficulty in speaking and writing became worse 
The spinal fluid withdrawn after the three intravenous injections showed v^er}^ 
little improvement Immediately after the first intraspmal treatment the patient 
was mentally much worse He slurred m his speech pitifully and was almost 
incapable of looking after himself This condition cleared up and about two 
weeks later the speech was distinctly clearer The patient concentrated better 
A spinal fluid examined at this time (July 13, 1915) showed no cells, a posi- 
tive globulin, a Wassermann reaction negative in 0 5 c c of spinal fluid, but 
positive in 10 cc 

While this patient has been under observation too short a time to warrant 
anj^ conclusions being drawn from the case the changes in the spinal fluid two 
weeks after the first intraspmal treatment are of considerable interest 
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We have given fifty-nine intraspinal injections of autosalvarsanized 
seium in ten cases Further, we have given fourteen similar treat- 
ments not included m the above series, making a total of seventy-three 
injections Following these injections we have seen no symptoms, 
temporary or permanent, which could in any way be attributed to 
injury to the central nervous system We have seen no deaths, paraly- 
sis or bladder disturbances One of our patients died of an inter- 
current condition seven months after the cessation of treatment Two 
of the patients have experienced no discomfort from the procedure 
When gastric crises or lancinating pains exist, we have learned to 
expect attacks of pain, in all ways similar to the pre-existing crises 
These crises usually follow the treatment after an interval of from 
two to four hours and they are often very severe Their duration 
IS usually short, and they are followed by much increased periods of 
freedom from pain As the treatment continues these postoperative 
attacks become less and the spontaneous crises often disappear entirely. 

It IS of interest to note that those patients who have had these 
reactions of pain following the treatment have showed greater and 
more rapid improvement than those who had no discomfort from 
the procedure 

We have found that the increased globulin content in the spinal 
fluid IS very resistant to treatment A moderate increase in globulin 
often persists after several treatments, as in Cases 8 and 9, where 
only a very slight decrease in globulin has occurred after three treat- 
ments The pleocytosis disappears rapidly In Case 1 lymphocytosis 
of 550 per cubic millimeter came within normal limits after six 
intravenous and four intraspinal injections Cell counts of 150 or 
Ijelow usually dimmish to normal limits after from one to three treat- 
ments We have found that the Wassermann reaction in the spinal 
fluid IS the most obdurate of the laboratory findings The reaction 
often persists m the larger doses of spinal fluid, long after the other 
laboratory findings have come within the normal limits 

The changes in the physical findings which we have noted under 
the intraspinal treatment have been a partial or complete disappearance 
of disturbances of sensation, lessening or disappearance of ataxia and 
a marked increase in weight and strength In no case, so far obser\ ed, 
have we seen absent deep reflexes return, nor have we seen any 
change in the pupillary reactions 

The abatement or disappearance of symptoms has been most strik- 
ing In every instance in which lancinating pains were present, they 
have either disappeared completely or have diminished so much that 
they have ceased to be a real anno3^ance In Case 3, gastric crises 
which had nearly incapacitated the patient, have disappeared A'ery 
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striking IS the rapid improvement in the geneial condition, in weight, 
111 strength and in return of the ability to caii} on the daily routine 
of employment, m other woids, the practical ending of invalidism 
In some cases this improvement m tlie general condition can be 
attributed to the abolition of pain, but in otheis (notably Cases 3, 5 
and 9) in which pain had not been a feature, this general betteiment 
was noted Vesical incontinence in one case has been so much less 
frequent that it has almost ceased to be an annoyance 

RESULTS 

The results in six of these ten cases has been a symptopiatic 
improvement so emphatic that the patient’s economic efficiency has 
been restored They are able to work and to enjoy life to all intents 
and purposes as normal individuals 

We feel that the best results will be obtained in ceiebrospinal lues, 
and in tabes of the early oi moderately advanced tjpes In far 
advanced tabes the results are in most cases dubious to say the least 
Our own expeiience with paresis is so limited that we should IiaAe 
no light to make any generalization It seems probable to us, howe\ er, 
that very little can be done to improve permanently a paresis once 
it IS well established 

In concluding we feel that we can state fairly that the Swift-Ellis 
method is safe when the original technic is followed out to the letter 
The claim of the originators that it is a valuable adjunct to the treat- 
ment of syphilitic involvement of the central nervous system is sus- 
tained as far as tabes dorsalis and cerebrospinal syphilis are concerned 
It is a metliod which is not essential in all cases, but which applied 
carefully and controlled intelligently will bring about definite amelioi a- 
tion in symptoms and in laboratory signs where other accepted modes 
of attack have failed 
Rose Building 
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Few have studied the prothrombin and antithrombm factors of 
coagulation of the blood in human cases HowelP devised methods 
to study these factors and has reported a deficiency of prothrombin 
in hemophilia with relative excess of antithrombm, a diminution of 
antithrombm m cases of spontaneous thrombosis and no abnormality 
m the cases of purpura he studied 

Whipple^ reported increased amounts of antithrombm and a pro- 
thrombin deficiency m hemorrhagic cases, but his results are to be 
criticized m that he did not take into consideration normal variations, 
and that dog blood was used to control human Austin and Pepper® 
have made studies on the coagulation of oxalated plasma In one 
case of purpura they found delayed coagulation on recalcification m 
the presence of thromboplastic solutions and attributed it to increased 
antithrombm Since our work was begun, Hess,^ using Howell's 
methods, has published the results of a study of these factors m scurvy, 
which were negative 

Whipple and Moss® have pointed out that a knowledge of how 
these factors may vary m hemorrhagic disease is important m con- 
sidering treatment, for on theoretical grounds one would not treat 
a case of bleeding due to an increased amount of antithrombm the 
same as one due to a deficiency of prothrombin 

In certain cases perhaps one might be able to predict when throm- 
bosis was apt to take place by a fall m the amount of antithrombm 

and be able to give something to prevent thrombus formation 
. ^ 

Submitted for pyblicatiq^ Avg 25, 1915 

''■From the Rhysmlomfal Laboratorj’’, J»]ins Universit}, and the 
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With Dr Howell’s and Dr Thayci’s slimulcitnig inlcrc'^t and 
help a furthei study of the blood in various diseases, with reference 
especially to the content in antithrombin and prothoinbin, has been 
made, with the hope that we could say definitely that there are bleed- 
ing cases due to increased amounts of antithrombin and others due 
to diminished amounts of piothiombin, and that diminished amounts 
of antithrombin occur only in cases that are subject to or have throm- 
bosis A consideration of these tests, the normal \aruitions of the 
factors, and the findings in various pathologic conditions form the 
basis of this paper 


METHOD OF OBTMNING BLOOD 

Specimens of blood were drawn by \encpuncturc into an all-glass 
graduated syringe, previously sterilized and rinsed with normal salt 
solution, from which a measured amount was put into a tube nith a 
measured amount of 1 per cent sodium oxalate in 0 9 per cent salt 
solution Usually 5 cc of blood vere mixed with 07 cc of the 
oxalate solution How'ever, the series of plasmas tested at an} one tunc 
w^ere diluted the same 

Precaution w^as taken that the venepuncture was done cleanly, so 
that the needle was not scraped about in the tissue, thus covering it 
with the tissue juice (thromboplastic material) Caie w'as taken to 
get no air bubbles in the syringe as the blood w^as drawm, though in 
some instances where this occurred, no very definite diflercnces in the 
prothrombin or antithrombin were noted If any hemolysis had taken 
place in the plasma, as from traces of water left in the syringe or other 
cause, it was rendered valueless for prothrombin and antithrombin 
determinations because of liberated thromboplastic material 

Each specimen being mixed with the oxalate solution was brought 
to the laboratory and centrifuged at high speed, about 3,000 revolu- 
tions a minute, for just twenty minutes The plasma w^as then pipetted 
off from the cellular elements and examined for prothiombin and 
antithrombin 

PROTHROMBIN 

{A) Method of Testing — To test the relative amount or efficiency 
of prothrombin, the method of recalcifying the oxalated plasma as 
described by Howell,^ was used The method employed is as follow^s 
Five drops of the plasma were placed in five tubes (13 cm 
diameter, 6 8 cm high with flat bottom) and to these were added in 
series 1, 2, 3, 4, and 5 drops of a calcium chlorid solution The time, 
called the prothrombin time, that it took the first clot to form which 
was not dislodged on inversion of the tube, was taken to represent 
the prothrombin, that is, the clotting time with the optimum amount 
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of calcium It was rare not to find at least two tubes clotting in 
practically the same time, not infrequently four of the five tubes would 
clot within a minute of each other If the minimum was long, twelve 
to fourteen minutes, then it was more usual to see a well-marked 
graded difference in the clotting (i e , for example, the 5-drop tube 
clotted in 24 minutes, the 4-drop in 18, the 3 in 14, and the 2 m 12 
minutes) than if six to eight minutes was the minimum time Perhaps 
this was because a proportional difference was less easily detected in 
the shorter period of time 

After the calcium chlorid was added, the tubes were immediately 
shaken to mix it with the plasma Care was taken that the tubes were 
not jarred when the clotting was going on, they were, however, gently 
tilted, equally in the different specimens, to see if clotting had taken 
place The test was always made within two hours after the collection 
of the blood and usually within an hour Allowing the plasma to 
stand some hours before the test is made will usually not only vary 
the prothrombin time, but often the amount of calcium necessary to 
obtain it Very slight changes may occur in the prothrombin time of 
a plasma which has stood two or three hours The test was made at 
room temperature, which though not taken, we believe was always 
about 70 F 

I It has been shown by Lee and Vincent,® among others, that a 
plasma in which the platelets are kept as nearly as possible intact by 
using greased cannulas and drawing the blood directly into oxalate, 
will vary the platelet content of the plasma and in turn vary the pro- 
thrombin time, being longer the fewer the platelets We found in 
three instances, that a difference of centrifuging fifteen or thirty-five 
minutes plasma collected by our methods made no appreciable differ- 
ence in the prothrombin time, or in the amount of calcium needed 
for this time 

Two calcium chlorid solutions were used during our study, one 
made from fused calcium chlorid, the other of pure recrystalhzed 
calcium chloiid, containing water of crystallization The latter when 
compared with the former usually caused a given plasma to clot in 
the same time, tliough sometimes it caused a clot to form a half 
minute sooner 

It is advisable to use for this test a solution of the calcium chlorid 
containing water of crystallization , for numerous solutions were made 
from different stocks and those made from deliquescent calcium 
chlorid always acted the same Those from fused calcium chlorid 
often caused a delay, even as much as four minutes in the prothrombin 

6 Lee and Vincent The Archives Int Med, 1914, xin, 398 
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time, and the difference beh\een the clotting times of a plasma with 
different amounts of calcium was distinctly gi cater than when the 
solutions of deliquescent calcium clilond were used Tins is pci haps 
because the fused calcium chlorid contained something that interfered 
with clotting 

The optimum amount of calcium uas ah\a\s essentially the same 
unless the contrary is stated, piovidcd the dilution of the blood with 
oxalate solution was the same Tlioiigh the amount of oxalate used 
to dilute a given blood may vary, the prothiombin time is the same 
within a minute 

{B) Noimal PiotJuoinbiu — Nincty-onc determinations of pro- 
thrombin time, which varied fiom six to fouitcen minutes, a\craging 
nine and one-half, were made from sixty-six normal persons between 
April, 1914, and March, 1915 In comparing two prothiombin times, 
the longer time w^as taken to represent a less amount of prothrombin 
or a relative deficiency of prothrombin, the shorter the reverse 

Dm mg the time these normals w'crc tested, sc\ enty-thrcc cases 
with various diagnoses w^erc studied wdiosc prothrombin time (ciglit}’’- 
nine determinations) was found to be betw^cen six and fourteen 
minutes The accompanying table (Table 1) show^s the ficqucncy of 
the varying normal prothrombin times 


TABLE 1 — Showing Normal Variations or Prothrombin Timf 





—Minutes— 



Prothrombin time 

6 

8 

10 

12 

14 

Determinations on normal persons 

14 

27 

27 

19 

4 

Determinations on diseased persons 

Clots only recorded on even minutes 

17 

28 

25 

12 

8 


During warm weather the prothrombin time w^as usually shorter 
than m cold weather Studies now being made tend to show^ that the 
temperature at which the test is made, and at wdiich the plasma is 
kept before the test is made, will vary the prothrombin time, so that 
for accuracy the test should be run at the same temperature, prefer- 
ably 21 C 

There was a distinct tendency for the cases of a given day to be 
grouped m a high, medium or low range, that is, one would see on 
a different day variations of 10 to 14, 6 to 8 or 10, or 8 to 12, that 
IS, not over 4 minutes difference However, there are three instances 
among the diseased and but one instance among the normals m which 
6 and 14 occurred at the same time 

One cannot say from the cases studied by the methods used that 
either six minutes or fourteen minutes is abnormal for prothrombin 
time, though the observer on different occasions may have the impres- 
sion that six or fourteen in certain instances is abnormal 
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What effect diet, exercise, time of day, acidity of the blood, etc , 
may have on this reaction has not yet been determined 

A delayed prothrombin time, spoken of as a low prothrombin, 
may be dependent on the antithrombm content of the plasma One 
must realize that this test for prothrombin is a relative test ot 
efficiency, because in an oxalated plasma we have not only prothrombin 
but antithrombm, fibrinogen and thromboplastin If there is a high 
antithrombm content, the clotting on recalcification would perhaps 
be somewhat delayed provided the prothrombin were not increased 
It might, with the same high antithrombm content, be still more 
delayed if the prothrombin were diminished, but if the antithrombm 
were normal or less than normal and there was a delayed prothrombin 
time, one could say the prothrombin was the lacking element Addis' 
has suggested that the delayed prothrombin time occurring m hemo- 
philia is not due to a diminished amount of prothrombin but to an 
alteration that makes it slowly available for use This may be true 
of any delayed prothrombin time, there being no way to determine 
the actual amount of prothrombin The amount of fibrinogen m 
human cases is probably always enough to give a clot within the 
normal time, though its firmness may be changed 

A certain amount of thromboplastin is normally present in plasma 
m the form of disintegrated blood plates, etc A marked lessening 
of this element could probably cause a delayed prothrombin time 

ANTITHROMBIN 

(A) Method of Testing — The antithrombm was tested for in the 
same specimen of blood as the prothrombin, usually two to three, some- 
times as many as six hours after the blood was drawn 

A method for testing antithrombm with which we have had as 
yet little experience has recently been described by Hess,® m which 
antithrombm from the cases to be tested is added to an oxalated plasma 
and the times of clotting on recalcification with the optimum amount 
of calcium, compared Whipple, among others, tested for antithrom- 
bm by the amount of thromboplastic material required to neutralize 
the antithrombm 

The test we used is of the type described by Howell ^ All the 
plasmas m which antithrombm was to be determined were slowly 
heated simultaneously on a water bath to 60 C , thus destroying the 
prothrombin and precipitating the fibrinogen These were filtered, the 
filtrate containing only antithrombm as far as elements of coagulation 
are concerned 


7 Addis Jour Path and Pact, 1911, xv, 427 

8 Hess Jour Exper Med , 1915, xxi, 338 
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For each antithi ombin test a senes of tubes ^\as set up A\itb one 
drop of antitbrombin in eacb tube, to wbicb was added a varying num- 
ber of drops of antitbrombin, usually 2, 3, 4 and 5 drops, and then these 
tw^o substances w^ere allow^ed to lemaiii in contact for a given period of 
time, usually fifteen minutes It is impoitant that the tubes be twnstcd 
so that few drops of thrombin and antitbrombin get well mixed and 
this should be done at oncei after the twm substances arc in the tubes 
so that the clots to be compared have the thrombin and antitbrombin 
in contact an equal length of time After the guen interval had 
.elapsed the same amount of a fibrinogen solution (usually 10 drops) 
was added to each tube The tubes w^ere then shaken to mix the mate- 
rials and frequently looked at to sec wdien the first clot appeared 
Those tubes containing the least antitbrombin w'ould clot first, and 
those with the greatest, last 

Thrombin was prepared according to How^eirs'' method and kept in 
w^atch crystals To obtain a solution of thrombin it w'as only necessary 
to dissolve the contents of a w^atch crystal in distilled w'ater, the 
amount varying with the strength of the thrombin Later observations 
showed that thrombin made by carrying the process through only to 
the stage of dialysis, though not entirely purified from other protein 
substances, w^as free from other elements of coagulation and yielded a 
satisfactory and stronger solution It should be used uiifiltered, as 
filtering weakens it 

For fibrinogen, dried oxalated cat’s plasma made according to 
Howell’s method was usually used This was kept in w^atch crystals, 
redissolved in normal salt solution and filtered 

(S) Consideration of an End Point — Difficulty was found in 
obtaining a fibrinogen plasma which would give a good film clot with 
thrombin in about three minutes, and which would give a similar clot 
in the presence of antitbrombin in a period of time of over ten 
minutes , an amount of time found necessary to distinguish differences 
readily Dried plasmas would not act alw^ays in the same mannei 
Some of the difference seemed to be due to the individual animal 

A given antitbrombin, thrombin and fibrinogen mixture that clots 
if undisturbed in ten minutes as a solid jelly (i e , with a period of 
but a minute when it is in a half jellied condition) if shaken frequently, 
causes a lumpy or perhaps sliding jelly-like clot to form in very closely 
the same time, wLich, if then left undisturbed, will become a solid jelly 
in perhaps fourteen to tw'^enty minutes or even longer If the same 
combination is shaken more violently, often floccuh will appear in 


9 Howell Am Jour Physiol, 1910, xxvi, 453, ibid, 1913, xxxii, 264 
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about the same time as the solid jelly did m the first instance, but to 
reach the solid jelly stage will then usually take much longer 

Several series of antithrombm determinations weie made on the 
same specimens with diffeient fibrinogen solutions Some gave floc- 
cuh, others a firm jelly and some a sliding jelly or lumpy clot The 
comparisons between the different specimens were very similar, pro- 
vided one read for the end-point the time when a clot of any sort first 
appeared A solid clot made a neater and more easily distinguishable 
end-pomt Flocculi were easier to read than sliding jelly or lumpy 
clots If a shnveled-up, veil-like clot occurred it was impossible to 
tell when it first appeared 

Using the same solutions, slight differences m the amount of anti- 
thrombm may cause differences in the type of initial clot 

If flocculi are to be read as an end-pomt, the tubes must be exam- 
ined and shaken frequently to break up these small white particles 
easily adhering to the glass On the contrary, to obtain a solid jelly 
end-pomt, the tubes must be disturbed as little as possible All tubes 
between which comparisons are to be drawn must be tilted or shaken 
equally 

(C) Choice of Fibnnogen Solution — Difficulty m getting a series 
of tubes to clot as solid jellies led to attempting the use of different 
fibrinogen solutions 

A dried, clear cat’s plasma was made by a method suggested by 
Dr Howell, similar to the previous one he described, but dialyzing the 
plasma against 0 7 per cent NaCl with 0 05 per cent KH 0 PO 4 for one 
hour, changing the solution at the end of half an hour, instead of a 
twelve-hour dialysis against 0 9 per cent salt solution This method 
usually yielded a better fibrinogen solution than the older method, but 
still was often unsatisfactory Weakei fibrinogen plasma was 
obtained from dogs 

Fluorid, magnesium sulphate and undialyzed oxalated plasmas 
dried and redissolved were unsatisfactory 

Solutions of pure fibrinogen prepared according to a modification 
of Flammarsten’s method [precipitation of an oxalated plasma with 
saturated NaCl solution, centrifuging the precipitate and then washing 
with half saturated NaCl solution and redissolving m 2 per cent NaCl 
(adding a few drops of 1 per cent solution of sodium bicarbonate to 
aid solution, if necessary) and repeated once or twice] gave the best 
material because it allowed a solid jelly clot to form in the presence 
of strong antithrombm in a period of time permitting one to distin- 
guish a real difference beUveen two specimens The difficulty with 
such a solution is that it cannot be kept for use for much more than 
SIX days 
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One preapitalion with the saturated sodium chlorid yielded a 
fibrinogen solution suitable foi this test Allcali weakens the effective- 
ness of the fibrinogen 

(D) The Desvohle Tmc to Have Clots Po)m — ^Thrombin and 
fibrinogen react quantitatively, as is shown by the cuivc in the chart 
(taken from an aveiage of sever<d tests) This chart shows the eftect 
of antithrombin on clotting uhen pieviously allowed to stand for a 
definite period in contact with thrombin The less thrombin there is 
in proportion to the antithrombin the greater the time foi the clot 
to form 

Besides changing the amount of thrombin to lengthen or shorten 
the time the clot appears, one can do so by lengthening oi shortening 



Chart showing that thrombin and fibrinogen react quantitatively Solid line 
= thrombin antithrombin -p fibrinogen Broken line = thrombin -T 
fibnnogen 

the interval that the thrombin and antithrombin remain in contact 
This may also change the type of clot 

The materials were always used in such amounts as to cause the 
first clot to appear in between eight to twenty minutes If clotting 
took place rapidly it was difficult to distinguish differences between 
specimens, if too slowly the end point was difficult to determine 

(-E) Use of Anhthiombin Factor %n Compai'ison of Cases — To 
compare the antithrombin of a senes of specimens determined at the 
same time with the same solutions, time alone is sufficient, but to com- 
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pare antithrombm from diiferent cases determined at different times 
with different solutions, the time in which the clot appears is unsatis- 
factory 

None of the materials used are stable, temperature vanes their 
action, all lose power on standing Individual watch crystals of 
thrombin and fibrinogen plasma made from the same stock vary slightl)^, 
the difference depending very likely on the speed with which they 
were dried 

Heating plasma to 60 C , if done rapidly or slowly, will change 
somewhat the amount of antithrombm The amount will also vary if 
the plasma is heated to 59 or 61 C 

If specimens are collected within about an hour of each other, 
heated simultaneously and tested at the same time with the same 
amounts of solutions, their antithrombm content will bear a fairly 
constant relationship to each other, often varying a little The rela- 
tionship if 1 to 1 might become as much as 0 86 to 1 or 1 to 1 1 5 when 
repeated tests are made Such variation is probably due to technic, 
size of drops, the amount of mixing of thrombin and antithrombm, etc 
The relationships of two specimens will be maintained for at least 
six hours Specimens of antithrombm kept on the ice for eighteen 
hours showed usually the same relationship to each other as when first 
tested Though it was evident from the clotting time that antithrombm 
on standing loses power 

In view of the fact that the relation between a series of specimens 
keeps constant for hours, and time seems an unsatisfactory way to 
express antithrombm, the following scheme was devised to allow cases 
tested at different times to be compared 

A normal control was run with all the cases studied, often two 
controls, sometimes more The added time of the specimens from the 
case clotting between eight and twenty-five minutes was divided by 
the similar figure for the control and this factor used to express the 
amount of antithrombm, and was designated as the antithrombm 
factor The factor for a single comparison between tubes containing 
the same amount of thrombin determined at the same time, is known 
as a single series factor At least three satisfactory series, not infre- 
quently SIX, were run to obtain the antithrombm factor An example 
of how these factors are obtained is given m Table 2 

To each specimen 1 drop of antithrombm was added to the varying 
drops of thrombin noted and allowed to remain m contact during the 
interval given and then 10 drops of fibrinogen were added 

If any one series gave a factor varying widely from the other 
senes this was discarded, provided at least three other series remained 
which clotted m the suitable time, and the average of these was taken 
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for the antithrombm factor This factoi would, as a rule, fall close to 
the single series factor of the clots which clotted between ten and 
eighteen minutes 

For antithrombm determinations, specimens of blood must be 
diluted equally with oxalate solution, because the amount of the anti- 
thrombin will vary with dilution A difference of from 5 to 4 c c of 
blood with 0 7 cc of oxalate will vary the factor from 1 to 0 87 -J- 

In the collection of specimens sometimes there may ha^e been 
differences of 0 75 c c of blood 


TABLE 2 — Showing Method or Obtaining thi ANTiTiinoMiiiN F \ctor 


Drops of 
Thrombin 

Time Before 
Fibrinogen 
Added 
minutes 

Clotting 

Time 

minutes 

Clotting 
Time 
, Control 

minutes 

Single Senes 
Factor 

1 

15 

* 40^ 

40=^ 

? 

2 

15 

24 

19 

1 26t 

3 

15 

12-1- 

10 

12 + t 

4 

15 

9 

7 

1 28 

5 

15 

6 

SVs 

109 

3 

20 

15 

12 

125t 

4 

20 

12 

9’/. 

126t 


* No clot in 

Second column shows interval thrombin and antithrombm remained in con- 
tact before fibrinogen was added 

Third column shows time clots formed in presence of antithrombm of case 

Fourth column shows time clots formed m presence of antithrombm of 
control 

The average of the series factors of those series that clotted m a desirable 
time (the marked f figures) is the antithrombm factor, which IS 125 

(F) Normal Antithiombin — The variation of antithrombm in 
normal human beings as determined by the method described above 
varies as is shown m Table 3 A study of from six to four normals 
on nine different occasions representing forty-eight observations on 
thirty-eight individuals was made These normals were second year 
medical students, medical graduates, and laboratory attendants from 
22 to 38 years of age, except that those tested on November 9 were 
four surgical patients recovering from hernia operations and fractures 
To obtain the degree of variation in the antithrombm factor the 
added time of a series of tests for the case with the highest antithrom 
bin was divided by the lowest, and vice-versa By excluding the case 
with the lowest antithrombm m each senes the antithrombm factors 
will show less wide variations In some senes there was one case that 
had distinctly less antithrombm than the others No one case had 
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distinctly more than the others In using normals as contiols the 
chances of variation in the antithrombm factor would tend to be plus 
rather than minus, provided the cases ranged in the vicinity of most 
of the normals 

If the cases of November 18 are excluded, because they were tested 
with an unsatisfactory fibrinogen solution, the greatest variation of 
the antithrombm factors m the other eight series is 1 34-0 73 and 
after excluding the case with the least antithrombm from each series 
the greatest variation is 1 21-0 82 


TABLE 3 — Normai Variations of Antithrombin 


Date 

No of 
Cases 

No of 
Series of 
Determi- 
nations 

Widest 
Variation 
in Single 
Series 

Variations 
Excluding 
Least Anti- 
thrombin f 

Average 
Anti- 
thrombm 
Factor $ 

Factor 
Excluding 
Least Anti- 
toxin § 

July 22 

5 

5 

1 30-0 77 

1 15-0 86 

1 15-086 

1 15-0 86 

Oct 30 

6 

6 

1 30-077 

1 25-0 80 

1 25-0 80 

1 21-0 82 

Nov 7 

6 

5 

1 35-073 

1 11-089 

125-080 

1 11-089 

Nov 9 

4 

4 

1 33-075 

1 10-0 90 

1 28-0 78 

1 05-094 

Nov 11 

6 

7 

1 38-0 72 

1 26-0 78 

1 3 -0 76 

1 21-0 82 

Nov 1811 

6 

7 

16 -062 

1 5 -0 66 

1 46-0 68 

1 3 -0 74 

Dec 9 

4 

4 

14 -068 

1 33-0 75 

1 34-0 73 

121-0 82 

Jan 6 

6 

5 

1 25-0 80 

1 25-0 80 

1 20-0 82 

1 16-085 

Jan 7 

5 

4 

1 30-077 

1 25-0 80 

1 28-0 78 

1 21-0 82 

Average 

5 

5 

1 35-0 73 

1 24-081 

1 28-0 77 

1 17-0 84 


The widest variation in any single series of tests obtained by dividing the longest 
time of clotting of thrombin and fibrinogen in the presence of antithrombm by the shortest 
and the shortest by the longest Figures in other columns obtained in similar way 

t Widest variation in any single series after excluding case with the least antithrombm 
j Average antithrombm factor of all series and cases 
§ Average factor if case with least antithrombm is excluded 

^ Tests of November 18 were run with an unsatisfactory fibrinogen solution, which 
probably explains why they show the widest variation 

It IS felt that one can take for the widest extremes of factors from 
normals 1 34-0 73 + and for the usual variation 121-0 82 

In order to figure the antithiombin factor for a case, it is evident 
that it would vary considerably if we used a low or a high control 
To be absolutely sure tliat we are dealing with pathological figures we 
must obtain an antithrombm factor below 0 55 or above 1 81 To be 
beyond the usual variation of normal, when we may be reasonably sure 
we are dealing with pathological conditions, we should obtain a factor 
below 0 68 and above 1 47 

The normals with low antithrombm should ha\e been repeated to 
see if they were persistently low or fluctuated with diet, time of da}, 
etc , but unfortunately this was not done Some normals repeated on 
different days showed a rather constant relation to each other 
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RELATION OF PROTHROMBIN TO ANTITIIROMBIN 

The prothrombin as well as the antithiombm was deici mined m 
this series of normals One might expect that if the antithrombm 
was high, the prothrombin time would be i datively long, in that the 
greater amount of antithrombm present in the plasma would tend 
to delay the time of clotting on lecalcifying the plasma, provided the 
other factors were equal However, in compaiing the prothrombin 
time of any given series with the antithrombm of the same senes it 
was found that a short piothrombin time might go with the lowest 
or highest antithrombm Among the diseased cases studied there are 
instances of even wider fluctuations than among the normals in the 
relation of prothiombin to antithrombm without occurrence of bleed- 
ing or thrombosis 

By Howell’s theory one supposes that in normal blood the pro- 
thrombin and antithrombm aie in balance which prevents intravasculai 
clotting It seems that there must be a relative excess of the anti- 
thrombm m the normal plasma, since considerable fluctuations may 
occur m the amounts of prothrombin and antithrombm without the 
occurrence of intravascular clotting When blood is shed the balance 
IS destroyed by the neutralizing effect of thromboplastic substance on 
the antithrombm 

By upsetting the balance of these factois, but to just what degree 
we cannot say, either spontaneous bleeding or thrombosis might occur 
Decreases in prothrombin and increases in antithrombm are what 
might be expected with bleeding, with decreases of antithrombm 
and perhaps increase of prothrombin in thrombosis Bleeding may 
of course be due to other factors of coagulation Conditions not 
involving coagulation factors also cause bleeding and thrombosis 

In animals both the prothrombin and antithrombm content of the 
blood vary from that observed in the human being, so that their blood 
can not of course be used to control human, nor can serum be used 
as an antithrombm control to plasma since it usually contains less 
antithrombm than plasma 

In the normal dog numerous observations have shown that the 
prothrombin time varies from three to seven minutes while the anti- 
thrombm has been found to be about two and a half to three times 
the amount found in man Though the antithrombm is greater’-*’ than 
in human blood, there is a decrease in prothrombin time which seems 
to indicate that the prothrombin is also increased Here both factors 
are in balance but are m relatively greater amounts than m human 

10 Though one speaks of antithrombm being greater in amount ive cannot 
actuallj determine the amount, but its power to inhibit the action of thrombin 


/ 
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blood Similarly in the cat, three observations showed the prothrombin 
time to be six to eight minutes and the antithrombm about half again 
as much as in man In the rabbit the prothrombin time was from 
four to ten minutes and the antithrombm three times or more greatei 
111 amount than human A single observation on hogs’ plasma showed 
a relatively high antithrombm 

In considering prothrombin and antithrombm m cases one must 
not only consider the amounts but the relation of one to another, 
bearing in mind that the prothrombin test is relative Are the two 
factors balanced , i e , if increased are both increased, or is one 
increased and the other diminished^ 

ANTITHROMBIN AND PROTHROMBIN IN VARIOUS DISEASES 

A Study of antithrombm and prothrombin of ninety-three individ- 
uals with various diseases, making 121 observations, have been made 
and the results are given m the tables at the end of the paper (Tables 
6 to 16) 

The coagulation time of the whole blood was determined m many 
of the cases by a method described by Lee and White,^^ which is to 
allow 1 c c of the last blood drawn from a vein to clot m a tube 8 mm 

9 

in diameter They found the normal coagulation time by this method 
was from five to eight minutes Our tubes were slightly larger, 9 mm , 
and our normals ranged from six to about eleven minutes Where 
figures for coagulation time are given m the tables they refer to this 
method During this work, larger tubes and varying amounts of blood 
were used, but these gave less satisfactory results for ward work 
Clotting took much longer owing to the larger surface area, and it 
was found that the tubes could not be moved at all without markedly 
altering the coagulation time Temperature also had a more appre- 
ciable effect Size of the needle, duration of the blood m the syringe, 
etc , are all factors that will vary the coagulation time When technic 
other than Lee and White’s was used, a control from a normal case 
was obtained at the same time, but the results were unsatisfactory 
Where it was felt that there was a real decrease or increase m the 
coagulation time, the fact is indicated by a or a “ — ”, otherwise 
“N” for normal appears m the tables 

If the prothrombin time was above normal, the coagulation time 
of the whole blood was also increased In some instances a delayed 
coagulation time occurred with a normal prothrombin time 

(A) Cases zvith Ahnounul Pi otiii oinbin — ^Table 4 shows the cases 
with delayed and accelerated prothrombin time 

11 Lee and White Am Jour Med Sc, 1913, cxl\, 495 
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TABLE 4 — Casi s with Dilamd Pkothrombin Timf 


Case No 

Observa- 

tions 

Diagnosis 

Pro T 
minutes 

Anti T 
minutes 

92 

2 

Hemophilia 

70-75 

2 4-23 

83 

2 

M 1 1 1 a r % 1 11 h c rculosis, 

39-41 

14-13 


bleeding 

24 


84 

1 

111 1 1 1 a r V tube rculosis, 

0 57 


bleeding 

16-24 


93 

3 

Benzol poisoning, bleeding 

A 

82 

2 

Amanita poisoning, bleed- 

16-20 

067-’ 

69 

1 

Pernicious anemia No 

15 

0 73 

1 

bleeding 

19 

0 56 

22 

1 

Pernicious anemia ! 


Thrombosis 


14 

88 ' 

1 

Attacks of bleeding 

20 



Cause ( ’) During no 
bleeding 

17 

0 87 

80 

1 

Rheumatic purpura 

55 

1 

Chrome family jaundice 

20 

080 

57 

2 

Jaundice cirrhosis 

28-14 

0 55-0 55 

53 

1 

Jaundice, pneumonia 
Uncinariasis 

18 

18 

0 1 

0 78 

63 

1 

Jaundice, cancer pancreas 

67 

1 

Jaundice 5 years Caused 

24 

070 



Bleeding 

40 


66 

1 

Congenital stenosis of bile 




ducts 




Antithrombin determined but once when it was 11, at which time pro- 
thrombin was twenty-four minutes 


Cases with Uppet Limits of Noimal foi Piothiomhin 


15 

2 

Typhoid 

14 

0 52-0 52 

49, 50, 52 

[ 1 ea 

Pneumonia 

14 

>-l 1 -1 1 

16 and 19a 

1 ea 

Pernicious anemia 

14 

1 

1 

0 67-0 80 


Cases with Accelei ated Piotluombin Time Qne Observation Each 


Case No 

Diagnosis | 


Anti T 
minutes 

37 

Chronic myeloid leukemia, bleeding 

2% 

0 75 

36 

Acute leukemia, bleeding 

3 

0 60 

85 

Acute leukemia ( ^) Pernicious anemia 
Bleeding 

5 

0 45 

40 

Chronic splenomyelogenous leukemia 

4 

0 46 

89 

Myasthenia gravis , oozing blood from 
gums , bad pyorrhea 

4 

10 

81 

Purpura lesions of skin Tuberculosis 

4 

’ 066 

75 

Purpura lesions of skin Question of 
aleukemic leukemia 

3 

22 

21 

Henoch’s purpura 

4 

0 73 

73 

Pernicious anemia 

4 

1 1 

74 

Thrombosis Syphilis 

2 

0 55 
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In some cases a prolonged prothrombin time may be explained by 
a corresponding increase m antithrombm, and, on the other hand, a 
shortened prothrombin time by a decrease m antithrombm, but as the 
tables show, there are cases m which a prolonged prothrombin time 
occurs, together with a diminished antithrombm and a shortened pro- 
thrombin time, with an increase m antithrombm It is perhaps legiti- 
mate to conclude from this latter relation that the available supply of 
prothrombin m the blood, whether m solution, m the plasma, or stored 
m the platelets, may undergo variations m disease quite independently 
of the antithrombm content The number of cases reported is too 
few to justify any positive deductions, but so far as they go they 
indicate that the supply of prothrombin was diminished m certain cases 
that were bleeding, as benzol poisoning, miliary tuberculosis. Amanita 
poisoning, and m certain cases of jaundice The same is probably true 
m some cases of pernicious anemia and perhaps pneumonia, and m 
congenital hemophilia In the latter condition, according to Howell, 
the prothrombin time is greatly delayed with increased or normal anti- 
thrombm content 

An actual increase m prothrombin is indicated clearly m the case 
of aleukemic leukemia (Case 81), but a relative if not actual increase 
(owing to diminished antithrombm) is shown m a number of cases, 
especially those with idiopathic thrombosis, some leukemias, and seveie 
cases of typhoid fever 

Case 52 of poisoning due to fungus Amanita phalloides is reported 
m full by Clark, Marshall and Rowntree^^ and showed a slight delay in 
prothrombin time A dog poisoned by them with this fungus showed 
a prothrombin time at the upper limits of normal 

{B) C onsidei ation of Othei Factors in Relation to Prothi onihin 
I The Blood Platelets — Prothrombin is perhaps largely derived from 
tliese elements of blood as has been shown by Bayne-Jones,^^ among 
others, so that if they were diminished we might expect a diminished 
amount of prothrombin 

Varying the number of platelets in an oxalated plasma collected 
with certain precautions will vary the time of clotting on recalcification, 
being longer the fewer the platelets (Lee and Vincent®) 

Thromboplastin is also derived from the platelets, so if they are 
lacking and the amount of prothrombin in solution is no greater than 
normal, one might expect a delayed prothrombin time 

That cases with very few plates have a prolonged bleeding time 
and spontaneous hemorrhages has been pointed out by Duke,^^ yet he 

12 Clark, Marshall, and Ro%\ntree Jour Am Med Assn, 1915, Ki\, 1230 

13 Bajne-Jones Am Jour Phj'siol , 1912, xxx, 74 

14 Duke The Archines Ixt Med, 1912, x, 445 
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found by his method no striking changes in the coagulation of the 
whole blood 

The case (79) of benzol poisoning, belongs to this group In this 
case the piothronibin time fluctuated with the numbei of plates It 
suggested that if but few plates weie present the prothrombin time 
would be lengthened Similar results have been obtained by Ilurw itz 
and Drinker^® in experimental benzol poisoning 
^ In hemophilia the plates are normal or increased m numbers and 
yet the prothrombin time is delayed That the plates arc flxed ano 
rendered unavailable is suggested by Fonio 

Among the cases with diminished numbers of plates tlicre arc both 
abnormally high and low amounts of prothrombin 

It thus seems that the number of plates in the blood stream does not 
necessarily vary the prothiombin time and pci haps they must be very 
few to lengtlien it They do, however, seem to be an impoilant ele- 
ment in connection with spontaneous bleeding in certain cases 

2 Calanm — If it is necessary to add more calcium than usual to 
obtain the prothrombin time, one might suspect that there was some- 
thing in tile blood such as the bile pigments as suggested by Whipple 
and King^^ that bound some of the calcium and thus rendered it 
unavailable to transform prothrombin to thrombin, but we can see no 
reason why, if this took place, it should do so in delayed time A 
case of this type is reported by Austin and Pepper and cases by Lee 
and Vincent “ 

It IS the available calcium that can act to transform prothiombin 
to thrombin that we are interested in from the point of view of coagula- 
tion and not the total amount in the blood 

The amount of calcium needed to obtain the prothiombin time of 
the normals and diseased cases was essentially the same, when the 
dilution of blood with the oxalate was the same, except m a very few 
instances which are cited below 

Of twenty observations on jaundiced cases, five cases showed a 
prothrombin time of over fourteen minutes and two of fourteen 
minutes 

Of these seven cases, two (Cases 53 and 57) showed perhaps a 
tendency for, and one (Case 63) definitely, the need of an amount of 

15 Hurwitz and Drinker Jour Exper Med, 1915, xxi, 401 

16 Fonio Mitt a d Grenzgeb d Med u Chir , 1914, xxviii, 313 

17 Whipple and King Quoted by Whipple and Moss, see Reference 5 

18 Lee and Vincent Personal communication, paper in print 

19 One of these seven, being Case 66, had a control with less oxalate solu- 
tion, so whether more calcium was used to obtain the optimum time than would 
have been needed for a control, cannot be told 
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calcium above that required for the controls to give the prothiombin 
time 

Case 63, a case of prolonged obstructive jaundice, required 5 drops 
of calcium to obtain the optimum time when the control took but 2 
or 3 drops 

Of all the other cases studied no especially noteworthy changes m 
the optimum amount of calcium needed to clot the plasma were found 
except m Case 83, in which on the second observation the optimum 
amount of calcium was 4 drops while for the control it was 2 drops 
5 Fibnnogen — Diminished amounts of fibrinogen can cause a 
loose clot and on this account perhaps favor bleeding Whether such 
variations as can occur m the human body will cause an appreciable 
delay m the prothrombin time seems unlikely from the following facts 
Fibrinogen^® was determined in Cases 82 and 54, and was above 
normal, yet the prothrombin time was slightly delayed m one of these 
In one case (57) in which the prothrombin time was 14, and in Case 
56 with a prothrombin time of 8, the fibrinogen was distinctly 
diminished 

A dog of Dr Goodpasture’s and two of Dr Marshall’s with 
phosphorus poisoning, a condition in which the fibrinogen is very low, 
showed on several observations a normal prothrombin time, though the 
antithrombm was low (0 60-0 14) 

Another dog of Dr Goodpasture’s with experimental pancreatic 
disease showed, forty-eight hours before death, spontaneous bleeding 
from the rectum, low fibrinogen, and the antithrombm was 0 55 The 
prothrombin time was nine minutes, slightly above normal for a dog 
The control dog gave five minutes 

In cases of cirrhosis of the liver Goodpasture^^ has shown that 
there exists a fibrinolytic ferment which may be a cause for bleeding 
The two cases studied in which this substance was detected showed a 
normal prothrombin time in one, and an increased time in the other, 
so that It does not seem as if this ferment could be a cause for abnor- 
mal prothrombin time 

(C) Ca^es with Ahnoimal AntitJnomhin — The deteiminations of 
prothrombin were followed in most instances by an antithrombm deter- 
mination If more than one control was used this is noted m the tables 
and the antithrombm factor is figured from their average If the 
antithrombm factor of all the cases determined at the same time tended 

20 Determinations of fibrinogen when guen in the table of cases were made 
b}" the dr} mg method described bj Whipple (Am Jour Plwsiol , 1914, xxxiii, 50), 
normal being 350 to 600 mg per 100 cc of blood We are indebted to Drs 
^larshall and Rowntree for the deterrmnations in Cases 82, 57 and 54 

21 Goodpasture Bull Johns Hopkins Hosp , 1914, xx\, 330 
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to be distinctly high or low, it suggested llidt an unusually low or high 
normal had been used If this occui red it is noted 

Excluding the cases in which the prothiombin was above 14 and 
below 6, we notice that sixty-two had an antithromlnn factoi below 1 , 
eight had 1 and thirty-one had above 1 Therefore, in the entire group 
of cases an antithrombm factor of less than 1 is commoner than abo\ e 
1 Perhaps any person who is ill is more apt to have less aiitilhroinbin 
than when well The chances of eiior from the variation of normals 
would tend to factoi s higher than 1 rather than lower 

Table 5 shows the cases with increased and diminished amounts 
of antithrombm 

A positive increase in antithrombm content of the blood is indicated 
111 three cases only, all of which bled, namely, one of acute splcnomye- 
logenous leukemia, aleukemic leukemia and congenital hemophilia 
while a relative excess is suggested m some of those cases m which 
the prothrombin is apparently diminished The coagulation tune in 
these cases when taken showed a delay except m the case of aleukemic 
leukemia m which there was obviously a compensator} increase of 
piothrombm The reverse condition of a distinct diminution in anti- 
thrombm content was found, especially m cases of severe typhoid fever, 
certain leukemias, anemias and thrombosis In such conditions, if 
prothrombin and other factors are normal or perhaps increased, there 
should be a diminished clotting time and a tendency to the formation 
of thromboses A distinct diminution of antithrombm m some cases 
that bleed may be a compensatory effect due to the bleeding from 
causes other than antithrombm or prothrombin 

Fifteen cases of typhoid fever, on which twenty-four observations 
were made, were studied especially with the thought that some of 
them would develop a thrombosis, and that one might be able to pre- 
dict such an occurrence by a decrease m the amount of antithrombm 
Fortunately for the patients’ sake none of the cases developed a 
definite thrombosis 

Low factors frequently occurred, the lowest m the two sickest 
cases The two highest occurred m mild cases m which the tempeia- 
ture was normal or nearly so 

All the antithrombm factors of the nineteen cases grouped m the 
tables under secondary and pernicious anemia are below 1, except 
in one case of pernicious anemia which had 1 2 and a prothrombin that 
was abnormal (four minutes) and Case 34 of secondary anemia with 
frequent hemorrhages There are ten cases with factoi s below 0 75, 
six of which are from the eight cases of pernicious anemia Nearly all 
the cases that had a distinct anemia and a normal prothrombin, tend to 
have a low antithrombm There are, however, exceptions 
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TABLE 5 — Cases Having Antithrombin Beyond the Conceivable Limits 

OF Normal 

Cases Having Antithi ombin Below 0 55 


Case No 

Diagnosis 

Pro T 
minutes 

Anti T 
minutes 

73 

Thrombosis, idiopathic ( ?) 

2 

0 55 

67a 

Prolonged jaundice, recently bleeding 

10 

0 54 

57 

Jaundice, cirrhosis, two observations 

28-14 

0 55-0 55 

15 

Typhoid, very sick, purpura, three 
observations 

14, 14, 9 

0 52-52-53 

40 

Splenomyelogenous leukemia, chronic 

4 

0 46 

8 

Typhoid, puipura, 48 hrs before death 

12 

046 

85 

1 

Pernicious anemia (?), acute leukemia, 
bleeding 

5 

0 45 


Cases Having AnHthrombin Above 1 81 


41 

Acute splenomyelogenous leukemia , 

10-10 

24 -19 


very slight bleeding , two observations 



81 

Aleukemic leukemia (^) , purpura 

3 

22 

92 

Hemophilia 

75-70 

24 -23 


Cases with Antithrombxn 0 68 oi Below 


1, 2, 5b, 13 
15b and 15e 

Typhoid , five cases 

6-11 

0 57-067 

17, 18, 19a 
69, 20 

Pernicious anemia, one with throm- 
bosis , five cases 

8-19 

0 56-0 67 

74, 75b and c 

Purpura , anemia , two cases 

8-14 

0 60-0 66 

29, 30, 32 

Secondary anemia , three cases 

Jaundice, endocarditis, anemia , infarcts 

6-12 

0 57-0 65 

58 

10 

0 61 

68 

Thrombosis, traumatic after leg ampu- 

10 

0 67 

36 

tation 

Acute leukemia 

3 

060 

82 

Amanita poisoning, bleeding 

Miliary tuberculosis , bleeding 

20 

0 67 

84 

24 

0 57 


Cases with Antithi ovibni 147 oi Above 


12 

Mild tvphoid 

9 

18 

61a, 61b, 65 

Jaundice, two cases, long duration in 
one , the other catarrhal 

6- 8 

17-18 

47, 44 

Positue Wassermann, two cases, one 
wnth large In er and nephritis , the 
other showed only fever 

12- 6 

164-173 

78 

Purpura, djspituitarism 

8 

1 78 
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Drinker-^ has shown that with lapicl progiessne hemoirhagc in 
animals the antithrombin falls and two obseivations on animals made 
by us have shown the same In Case 10, whose hemoglobin was 80 
per cent and fell in four days to 30 per cent from hemorrhage, the 
antithrombin at this latter time was 0 96, but what it was pieviously 
we do not know We might have expected it to be low from the 
anemia as well as from the sudden loss of blood 

Among the miscellaneous cases the average antithrombin is over 1, 
as a contrast to the anemias Some of these cases were studied because 
of enlarged livers, in view of the fact that the liver is important in 
the formation of antithrombin Among the clinical cases, however, 
we have many types of liver disease with antithrombin varying from 
0 55 to 1 7, and no definite relationship can be seen between the dif- 
ferent liver conditions and the amount of antithrombin 

Does antithrombin vaiy with tlie amount of fibrinogen^ In anemia 
the fibrinogen is often low (Whipple““) also in typhoid (D’Oelsnitr 
et al as is the antithrombin In the dogs with phosphorus poison- 
ing and in Dr Goodpasture’s dog with pancreatic disease, both the 
fibrinogen and antithrombin were low Case 56, witli a low fibiinogen, 
had antithrombin 1 1 In Case 54 of pneumonia with increased 
fibrinogen, antithrombin was normal Whether antithrombin usually 
falls with diminution in the amount of fibrinogen, we have not enough 
data at present to say 

Syphilitic serum has been shown by Hirschfeld and Klinger,-'^ also 
Frankel and Thiele^® to have the power when mixed with proper 
amounts of coagulation materials to inhibit coagulation This, how- 
ever, is probably not due to antithrombin, as none of the five cases in 
our series with a positive Wassermaiin showed any special variation 
from normal 

Dochez^'^ has made a careful study of the coagulation time in 
pneumonia and found it increased at tlie height of the disease and 
suggested that it was due to an antithrombin increase Actual anti- 
thrombin increase did not exist in the two cases of pneumonia studied , 
the factors in both were 1, while the prothrombin was well at the upper 
limits of normal , so there may have been a slight relative increase 

(Studies at the Massachusetts General Hospital are now being 
made on the factors of coagulation in pneumonia and will be reported 
at a later date) 

22 Drinker, K R and C K Am Jonr Physiol , 1915, xxxvi, 305 

23 Denny and Minot Am Jour Physiol, 1915, xxxviii, 233 

24 D’Oelsnitz, et al Bull de I’Acad de med , Pans, Ixxiii, 282 

27 Dochez Jour Exper Med , 1912, xvi, 693 

25 Hirschfeld and Klinger Deutsch med Wchnschr , 1914, xl, abstr of Am 
Med Assn , 1914, Ixiii, 1241 

26 Frankel and Thiele Munchen med Wchnschr , 1914, Ixi 
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CONSIDERATION OF THE FINDINGS IN CERTAIN GROUPS OF CASES 

Kocher,^® Kollman and Godsky®** and others have reported changes 
m the coagulation time of the blood in thyroid disease Two cases 
of Graves disease studied, not included in this series, showed no very 
striking changes in their prothrombin and antithrombm content 

Howelk found no abnormality m the prothrombin or antithrombm 
content of the blood in the cases of purpura which he studied, and we 
found no significant changes m our cases, except in two (Cases 78 and 
81 ) the antithrombm was distinctly high, m one the prothrombin time 
was normal, and in the other decreased Whether the increased anti- 
thrombin could have been the cause for the purpura m these two 
cases can only be told after further research on the amount of anti- 
thrombin m relation to prothrombin that may cause bleeding 

Among the leukemia cases high prothrombin (decreased prothrom- 
bin time) frequently occurred In some of the leukemias this might 
be due to the increased number of white cells m the circulation which 
yield thromboplastic material, but some of the cases with an equal oi 
greater number of cells had a normal prothrombin time 

The white cells from Case 41, with antithrombm 2 2, were isolated 
and tested to see if they showed any antithrombic activity, but none 
was found These cells, like any white cells, exhibited thiomboplastic 
activity 

In three cases of spontaneous thrombosis Howell found that there 
was a low antithrombm with a normal prothrombin The antithrombm 
m his cases expressed as antithrombm factors vary from 0 3 — to 0 4+ 
One case (73) of idiopathic thrombosis gave a low antithrombm 
factor (0 55) but also the highest prothrombin of any case, two minutes 
A case of pernicious anemia without fever, developing thrombosis 
after splenectomy, gave a low antithrombm, 0 56, slightly lower than 
the other cases of pernicious anemia, with a low prothrombin (19 
minutes) The serum of this case at necropsy was tested for anti- 
thrombm and found to be 04 (normal oxalate'd plasma as control) 
We do not know how serum obtained at necropsy may vary from 
normal blood m its antithrombm content Serum as a rule has slightly 
less antithrombm than oxalated plasma One case of cardiac disease 
whose serum was tested about the same time after death as that of 
the pernicious anemia case, gave a factor of 0 9 It thus seems that 
the serum from this pernicious anemia case after death contained cer- 
tainly less antithrombm than serum of a patient whose antithrombm 
was presumably normal before death 


28 Kocher Arch f klm Chirurg, 1912, xcix, 280 

29 Kollman and Godskj Ztschr f klm ISIed, 1914 Kxix, 362 
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The other cases of thiombosis studied were probably not of the 
idiopathic type The antithrombin in these varied between 1 46 
and 0 67 

It IS quite possible that none of the cases we have studied is of 
the same type as those studied by Howell, and until we know more 
about such cases we cannot tell what type it is that has a strikingly 
low antithrombin content 

Cases with quite wide changes in the prothrombin and antithrombin 
content from normal and in the relation of these two substances to 
each other, may or may not bleed All cases with spontaneous bleed- 
ing are not due to these factors 

Of the cases studied with spontaneous bleeding and hemorrhagic 
tendency, if the factors were abnormal at all, there was usually a 
decrease of prothrombin, with more usually the antithrombin factor 
above than below 1 The few cases with strikingly high antithrombin 
content all had some signs of spontaneous hemorrhage 

Cases of bleeding occurred with increased prothrombin and with 
antithrombin above or below 1 In such instances perhaps there were 
other factors at work to cause the bleeding and the increased pro- 
thrombin was a compensatory process to shorten the coagulation time 
and stop the hemorrhage 

SUMMARY AND CONCLUSIONS 

1 Prothrombin time, tested by the method used, varies normally 
from SIX to fourteen minutes 

2 Technic and difficulties of the antithrombin test have been 
described 

3 The antithrombin factor is the most satisfactory method for 
the comparison of amounts of antithrombin 

4 Antithrombin varies normally The antithrombin factor must 
be below 0 55 and above 1 81 before one can be absolutely sure that 
the amounts are abnormal , one may be reasonably sure that the 
amounts are abnormal if the factors are below 0 68 or above 1 47 

5 In some cases a prolonged prothrombin time may be explained 
by a corresponding increase of antithrombin and a shortened pro- 
thrombin time by a decrease There are cases which suggest that the 
available supply of prothrombin m the blood may undergo wide varia- 
tions m disease independent of the antithrombin content Certain 
cases of bleeding and of jaundice, also hemophilia, as well as others, 
seem to have a diminished supply of prothrombin Actual increase 
of prothrombin does occur, as is indicated m a case of aleukemic 
leukemia, and m some animals as compared to the human being Rela- 
tne increase is shown m a number of cases, especially thrombosis and 
some leukemias 
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6 Prothrombin time does not always vary with the platelet count 

7 Cases exist m which more calcium than usual is needed to obtain 
the prothrombin time 

8 The amount of fibrinogen in human blood probably does not 
vary sufficiently to alter appreciably the prothrombin time 

9 A positive increase of antithrombin is indicated m three cases 
A lelative excess is suggested m some cases m which the prothrombin 
IS apparently diminished Diminution m antithrombin was especially 
found m cases of severe typhoid fever, certain leukemias and anemias 
and thrombosis, and m some cases associated with a low fibrinogen 
content 

10 Cases of spontaneous bleeding occurred with normal coagu- 
lation factors Others showed a low prothrombin, usually but not 
always associated with a relatively high antithrombin The three 
patients with a very high antithrombin, all bled 

Since this article was written Hurwitz and Drinker have published (Thu 
Archives Int Med, 1915, xv, 733), a paper entitled “Factors of Coagulation 
in Primary Pernicious Anemia ” While we found an abnormal antithrombin 
content in our cases of pernicious anemia, they did not This may be due to 
differences of technic They state, “Prothrombin is diminished slightly in all 
cases of pernicious anemia ’’ Our findings agree, with the exception of two 
cases, in which there was an increase 

It is a pleasure to thank Dr Howell for his supervision of this work and 
to thank the members ot the staff of the Johns Hopkins Hospital for allowing 
us to study their cases 

188 Marlboro Street — 285 Marlboro Stieet 

TABLE OF CLINICAL MATERIAL 

Cases from the waids of the Johns Hopkins Hospital, except the following 
No 83 was at Bay View Hospital and Case 30, one of Dr Boggs’, to whom 
we are indebted for the opportunity to study these two cases 

Cases 27, 85 and 86 were private patients of Dr Thayer 

Cases 67, 88 and 91 were seen by Dr Howell in consultation 

Case 37 was one of Dr Judd’s, reported in Jour Am Med Assn, 1915, 
Ixiv, 1630 

We are much indebted to Drs Thayer, Howell and Judd for being able to 
study the above cases 

The blood from the patients was obtained by one of us m all instances except 
Case 37, which was obtained for us with our materials by Dr Judd 

The date refers to the year March 30, 1914 to March 29, 1915, unless 1915 
is stated 

The clots of the whole blood retracted unless stated 

Platelet counts were done b}' Wright and Kinnicutt’s method 
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"Six contiols t Two controls tTwo controls § Other cases run with this had antithrombm 1 3 and 1 15 ^[Four controls 
Two controls that were equal in antithrombm content ■»■•*= One of controls of Octobei 14 Other cases had hi£?h antithrombm 
ft Six controls JtSix controls 
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TABLE 13 — Purpura with Skin Lesions 
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TABLE 14— Hemorrhagic Cases withoi'-' Purpuric Spots om Skin (Continued) 
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BENZOL POISONING 

Case 93— Case of severe purpura hemorrhagica due to poisoning bv bcnroi 
Entered May 2 with bleeding from gums and nose and purpuric spots all onci 
body and retinal hemorrhages Red blood cells, 1,460,000, hemoglobin, 25 per 
cent , white blood cells, 1,500 Bleeding time fourteen and one-half minutes 
Purpuric spots were first noticed about April 1 

May 3, 14, 17, 23, 31 and June 13, she received transfusions of blood , fol- 
lowing each she improved distinctly, and the bleeding time would become two 
to three minutes, having been twenty-four to eight minutes before transfusion 
Though improved after the transfusions, a relapse w^ould set in with bleeding 
from gums and nose and fresh purpuric spots on the skin How'eier, after 
June 13 there w'as no more bleeding, except for a slight amount from the gums 
June 24 to 29 Kephalin solution applied locally to gums and also pure thrombin 
solution seemed to temporarily check bleeding 

The red count reached 1,971,000 with hemoglobin 48 per cent , Alay 17, after 
transfusion, and fell as low as 696,000 with 11 per cent hemoglobin, i\Ia 3 31, 
before transfusion , reaching 1,680,000, with hemoglobin 53 per' cent , June 4, 
and 4,528,000, wuth 65 per cent hemoglobin, June 14, and July 26 3,128,000 and 
hemoglobin 67 per cent In October she appeared quite healthy, with hemo- 
globin 80 per cent and plates plentiful in blood smear 

Plates Almost none seen in smears May 9, count = 8,400, on May 31, 
10,000 More plates m smears on June 2 than May 31, but distinctly scant 
On July 22 they w^ere 170,000 


TABLE 16 — Benzol Poisoning 



93 b 
93 c 


16 

12 


Not done 
Not done 


8 

8 












SOME CLINICAL, PHYSIOLOGIC AND CHEMICAL 
OBSERVATIONS ON PTOMAIN POISONING 
FROM “CREAMED” CODFISH >- 

M A BLANKENHORN, 11 D, G E HART^ION, M D 

A^D 

PAUL J HANZLIK, MD 

CLU'LLAND 

On April 24, 1915, about eighty patients in the general wards and 
a number of the help in the kitchens of Lakeside Hospital weie seized 
with alarming gastro-intestinal symptoms in one and a half to three 
hours after eating the evening meal with which had been served 
“creamed” codfish ^ It was definitely ascertained that the various 
individuals became ill as a result of partaking of the fish Some of 
the material was obtained, and it seemed worth while to make some 
physiologic, bactenologic and chemical observations with it because 
of general medical and scientific interest in the subject of ptomain 
poisoning which was suspected 

Symptoms arising from “ptomain poisoning” are attributed to 
numerous causes Among the more popular are (1) gastro-enteritis 
due to bacterial infection, (2) effects of toxic chemical substances 
elaborated by bacteria, and (3) bacterial infection and toxic substances 
combined Finally, there are those who place little faith in any 
of these explanations and prefei to disbelieve ptomain poisoning 
altogether Recent investigations on a number of toxic bases which 
occur in and can be prepared from putrefied flesh and certain vegetable 
drugs, such as ergot, would seem to indicate that these might be 
concerned in ptomain poisoning The effects of a number of these 
bases have been studied systemically and on surviving organs An 
attempt was made to study the effects of our material in this direc- 
tion The chemical identification of the active substances is difficult, 
but the properties of a number of the bases are now well known 
This has also been attempted in a general way with our material 

No claim to originality for either the methods or ideas here pre- 
sented IS made However, the mode of treatment used, it is believed, 

* Submitted for publication Sept 9, 1915 

* From the Medical Clinic, Lakeside Hospital, the Laboratory of Hygiene and 
Bacteriology, and the Pharmacological Laboratory, Western Reserve University 

1 It should be mentioned that the salted fish used for the preparation of 
the creamed fish for the patients had been inspected by the dietitian, as is her 
custom, and nothing unusual was found, either in appearance or m odor 
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has not made a conspicuous inroad into clinical medical literature 
111 the study of cases of ptomain poisoning Those who are unfamiliar 
with the more recent aspects of the general subject of the physiologi- 
cally active bases will find a clear and concise presentation of the 
subject in a recent monograph by Barger/ and in a work on toxicology 
by Gadamer^ 

I Onset and Symptoms 

BY M A BLANKENHORN 

The following report is based on the personal obseivation of sixteen 
cases 111 one ward of the hospital The remaining cases were dis- 
tributed among other wards and the kitchens, and the reported obsei- 
vations on these differed m no respect from the account given here 
In all, eighty individuals were seized with sudden and alarming symp- 
toms of distress m the gastro-mlestinal tract Many of the patients 
volunteered the information that they were poisoned by the fish which 
was served with their meal, and it was evident that the symptoms 
were confined to those who had eaten the “creamed” fish, and that 
none who had eaten it escaped The relief of so large a number of 
patients demanded so great and rapid attention that detailed observa- 
tions m many of the cases could not be made However, a suffi- 
ciently large number was studied to justify the following descriptive 
summaiy 

The symptoms appeared m about one and a half to three hours after 
the food was taken The most marked symptom was vomiting This 
occurred in every case, usually being sudden and very severe, pre- 
ceded by a “burning” in the epigastrium, and much nausea, and 
accompanied by exhaustion, varying fiom slight discomfort to a semi- 
coma, lasting from two to five hours The vomiting apparently bore 
no relation to the amount or quality of stomach content, for in some 
cases there was a large amount of macerated food ejected, and in 
others variable amounts of a clear, watery secretion In many cases 
the vomiting persisted long after the stomach had been emptied In 
all cases the vomitus was described as very sour and “burning” In 
several cases the acidity of the stomach contents was titrated ^Mtl'j 
the following results One hundred c c became neutral to phenol- 
phthalein with 20 c c of tenth-normal sodium hydroxid only a trace 
of free hydrochloric acid was present, and there was no lactic acid 

2 Barger The Simpler Natural Bases London, Longman^, Green 8c Co , 
1914 

3 Gadamer Lehrbuch dcr chemischen Toxikologic, Gottingen, Vandtn- 
hoeck and Ruprecht, 1909 
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Eleven out of sixteen patients vomited material which resembled 
blood, varying from jUst a visible trace of pink to dark red with masses 
resembling clots No chemical tests for blood were made 

From one-half to two hours after the onset of vomiting there was 
intestinal colic and diarrhea, in some cases very slight, in others 
amounting to continuous purging for several hours There were no 
evidences of fever, edema or skin disturbance 

Very little treatment could be instituted Emetics and lavage with 
large quantities of water were administered to those who seemed to 
have difficulty in emptying the stomach In a few cases castor oil or 
Epsom salt was introduced into the stomach after lavage 

All the patients were fairl}^ comfortable at the end of from twelve 
to twenty-four hours, except for a feeling of exhaustion and a loss 
of appetite Practically all had lecovered by the next day Ver}’- 
sick patients had not received the fish food, and there were apparently 
no lasting consequences in those who ate it 

II Bacteriologic Examination 

BY G E HARMON 

The object of this examination was to ascertain if any organisms 
could be isolated from the “creamed” codfish which might have been 
concerned in forming toxins oi poisons responsible for the symptoms 
observed in the patients The usual routine procedures were used 
The material was plated and grown anaerobically and aerobically 
No strictly anaerobic organisms were isolated Those which were 
isolated by anaerobic methods could be grown in the presence of 
oxygen 

Numerous varieties of cocci were isolated In view of the fact 
that cocci are thought not to be actively concerned in the production 
of putrefactive changes, no attempt was made to identify them defi- 
nitely Most of them were varieties of staphylococcus 

Four different kinds of bacilli were found and studied Three of 
these were not identified, since a preliminary study of their charac- 
teristics showed them to be saprophytes, which did not produce gas in 
dextrose This would exclude Bacillus coli conimums Presumably 
no other organisms were connected with the production of substances 
which would explain the symptoms in the cases reported The fourth 
bacillus had the following characteristics It was motile, gelatin was 
not liquefied , it was negative to Gram’s stain , gas was produced in lac- 
tose, dextrose and saccharose broth, and litmus milk was acidified and 
coagulated These characteristics serve to identify this organism as the 
Bacillus coll communior No other important organisms were found 
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III Physiological and Chemical Observations 

BY P J HANZLIK 

Some of the “creamed” codfish as served to the patients was pro- 
cured from the hospital dietitiaiP and various extracts made from it 
These were then utilized m the physiologic and chemical observations 
to be described These observations were controlled with extracts 
made fropi codfish (fresh and putrefied), salted codfish (fresh and 
putrefied) and both these varieties “creamed” and prepared in 
exactly the same way as the “creamed” fish which was served to the 
patients 

The “creamed” fish is prepared m the hospital as follows The 
salted fish are macerated in water for twelve hours The watery 
extract IS then discarded and the fish is steamed Then it is removed 
Irom the steamer and creamed with a mixture consisting of flour, 
butter and milk, and served in about one hour In the meantime the 
prepared material is kept lukewarm within the steamer 

The preparation of the extracts of the “creamed” fish from the 
hospital, and the physiologic effects of these will be described first 
Then the results of the control material will be presented, and finally, 
the chemical observations 

1 PREPARATION OF EXTRACTS 

The extracts of the “creamed” fish were prepared as follows, using 
in each case 100 gm of the material, so that 1 c c of the finished 
product represented 1 gm of the material 

A The material was minced and macerated with distilled water and slightly 
acidified with hydrochloric acid This was allowed to stand over night, then 
filtered and the filtrate made up to 100 c c The excess of acid in the finished 
extract -was removed by the addition of sodium hydroxid, leaving a slightly 
acid reaction to litmus as it was feared that important constituents might be 
lost by precipitation 

B The minced material was made moderately acid with hydrochloric acid 
and boiled with distilled water for two hours Then it was filtered and the 
filtrate was made up to 100 cc The excess of acid was again removed, lca\- 
ing the finished extract slightly acid to litmus 

C The minced material w^as extracted with 98 per cent alcohol oier night 
Then the extract was filtered and the filtrate made up to 100 cc Before using, 
the alcohol w'as remoied by evaporation on the water bath and the residue 
was dissohed in water 

These extracts were now used in the physiologic obser\ations to 
follow 


4 Thanks are ouc to Miss Graics chief dietitian at Lakeside Hospital for 
her kind cooperation in this in\ estigation and to Mr Beebowtr suppl> acent 
who secured the material Inasmuch as the dietitian disco\cred no apparent 
putrefaction in the fish when it was used it is probable that the spoiling must 
haAC occurred before the fish was salted and that the e\ idences of putrctac- 
tion were masked bj the salting 
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2 niYSIOLOf.IC JLFI ECTS 

Smvivmg Intestine — Longitudinal and circular strips of cat’s and 
rabbit’s intestine were suspended in oxygenated Tyrodc’s solution, and 
their spontaneous movements were recorded on a slow moving drum 
by a weighted lever m the usual manner The results obtained are 
briefly summarized in Table 1 Figures 1 and 2 will serve to illus- 
trate some of the typical efifects obtained 



Fig 1 — Effect of extracts of “creamed” fish (hospital material) on longi- 
tudinal strip of surviving cat's intestine Tyrode solution at 37 5 C A, 1 cc 
of Extract A (alkaline), 5, 1 cc of Extract A (slightly acid), C, 2 cc of 
Extract B 



Fig 2 — Effect of alcoholic extract of “creamed” fish (hospital material) on 
longitudinal strip of surviving cat’s intestine At point marked by arrow, 1 cc 
of Extract C 

TABLE 1 — Effects of Extracts of “Creamed" Fish on Surviving 




Intestine 



Extract * 

Description of Peristalsis 


A 

B 


Marked increase in tone, rate and amplitude onlv ir 
some cases moderately increased Same effects observed 
when extract was made alkaline 

No increase in tone, rate or amplitude 

C 


Very slight increase m tone, in some cases 
increase in amplitude, rate unchanged 

marked 


One c c of the extract was usually added directly to the organ in 100 c c 
of Tjrode 
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These show a stimulation of peristalsis with marked increase ni 
tone and some increases in amplitude and rate, with the aqueous acid 
extract (A) of the “creamed” fish The effects are not due to the 
acid reaction, as they took place equally readily when the extiact was 
made alkaline or neutralized The aqueous acid extract made by heat 
had no effect The alcohol extract produced only an inciease m the 



Fig 3 — Effects of extracts of “creamed” putrefied codfish and “creamed” 
putrefied salted codfish (controls) on longitudinal strip of surviving cat’s intes- 
tine A, 2 cc of Extract 1 , 5, 2 c c of Extract I , C, 2 c c of Extract J 
(creamed putrefied salted codfish) 



Fig 4 — Effect of extract of “creamed’ putrefied salted codfish (control) 
on strip of sur\i\ing pregnant uterus of gumea-pig Xo spontaneous contrac- 
tions for an hour before extract was applied ^rrow, 1 cc of Extract J 

amplitude of peristalsis The augmentor effects produced by the 
aqueous acid extract closel} resemble those of histamin Putrcscin 
and cada\erin are said to produce analogous effects, though not so 
pronounced 
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When It was ascei tamed that only the aqueous acid extract made 
in the cold gave the most constant and maximal effects, the extracts 
of the control material were made in this way The control experi- 
ments were made m order to ascertain if physiologically active extracts 
required putrefied material, and whethei or not the process used m 
the preparation of the “ci earned” fish gave the optimal conditions 
It was found to be true that only salted codfish when first allowed 
to putrefy and then was “creamed” and prepared according to the 
hospital method gave the most constant and typical physiologic effects 
The results of these experiments are briefly summarized m Table 2 , 


TABLE 2 — Eifects or Extracts oi Fresh, “Cresmed” Frish, Putrefied 
AND Cre\med Putrefied Codiisii and Smtfd Codfish on Surviving 

Intestine 


1 

Designa- 
tion of 
Extract 

Description of 
Extract 

Description of Peristalsis 

D 

Fresh codfish 

No effect after several applications of 2 cc 

E 

Fresh salted 
codfish 

No effect after several applications of 2 cc 

F 

“Creamed” fresh 
codfish 

“Creamed” fresh 
salted codfish 

No effect after several applications of 2 c c 

G 

No effect after several applications of 2 cc 

H 

Putrefied codfish 

Very slight increase in amplitude and tone, 
diminution m rate with single applications 
of ? cc 

I 

“Creamed” putre- 
fied codfish 

Very slight increase m tone and amplitude, 
somewhat more in rate after single appli- 
cations of 2 c c 

J 

“Creamed” putre- 
fied salted 
codfish 

Very marked increase m tone which was 
lasting, marked increase m amplitude dur- 
ing relaxation , rate unchanged generally 


*One cc of each extract represents 1 gm of the material, which was 
macerated with distilled water and sufficient hydrochloric acid to give a moder- 
ately strong acid reaction Before the extracts were used, the excess of acid 
was neutralized with sodium hydroxid, leaving a faint trace of acidity to 
litmus Usually 2 cc of the extracts were used 

Figures 3 and 4 will illustrate the typical effects obtained, and 
Figure 5 the effects of epinephnn, atropm and papaverm on intestine 
treated with the active extract 

The results indicate that only the aqueous acid extract of the 
“creamed” putrefied salted codfish gave typical effects, and that these 
were practically identical with the effects obtained with the hospital 
material Extracts from plain and “creamed” fresh or putrefied cod- 
fish and “creamed” fresh salted fish produced practically no effects 
It IS clear that putrefaction of the fish is essential for the production 
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of the augmentor effects on peristalsis It seems also to be necessary 
to '‘cream” and prepare the fish as was done for the patients This 
mode of preparation may establish some suitable condition under 
which liberation of the active chemical substances takes place It 
v^ill be shown later that apparently a certain bacterial environment 
1 '^ also necessary to produce physiologically active culture mediums 



Fig 5 — Effects of epmephnn, atropin and papavenn on surviving cat's 
intestine treated with extract of "creamed'' putrefied salted codfish 1 cc 

of Extract J , 5, 0 2 c c of epmephnn, 1 1,000 , C, 1 c c of Extract J , D, 
02 cc ot papavenn hydiochlorid , iS, 02 cc of papavenn hydochlorid, 1 1,000, 
F, 1 c c of Extract J , G, 0 1 c c of atropin sulphate, 1 per cent , H, 1 c c of 
Extract J , 1 c c of Extract J 



t 


Fig 6 — Effect of acid extract of ‘creamed” putrefied salted codfish on s\h- 
tcmic blood pressure (dog, 5 6 kg) At arrow, 1 c c of Extract J per kilogram 
intra\ enously 

Surviving Utetus — The effects produced were essentially similar 
to those on the intestine, namely, a marked stimulation of penctalsi'^ 
Figure 4 illustrates a typical reaction with the aqueous acid extract of 
putrefied “creamed” codfish 

Blood Picssnic — The canons extracts were injected mtravenousK 
into dogs, and the blood pressure was recorded be a dampened mercury 
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manometer m the usual manner The dosage varied from 1 to 2 c c 
per kilogram All of the extracts from the hospital material and the 
controls produced a fall in blood pressuie followed by a rise, except 
the aqueous acid extract (A) of “creamed” putrefied salted codfish, 
ir which the fall was not followed by a rise m pressure, but rather 
a slow tendency to recovery This result was constant, and resembles 
the characteristic effects obtained with histamin The initial rapid 
fall IS presumably of endocardial origin A pressor elTect in the same 
animal was obtained after the injection of epinephrm, showing that 
the mechanism by which this is brought about was functionally active 
The fall in pressure could not be due to albumoses or peptone because 
some of the other extracts which contained these substances did not 
give the typical effect of Extract A On the contrary, a slight rise 
in pressure was usually obtained after the primary fall Figure 6 
illustrates a typical blood-pressure effect 

3 EFFECT OF BACTERIAL CULTURES OF “CREAMED” FISH ON SURVIVING 

INTESTINE 

The various culture mediums which were incubated with the hos- 
pital material by Dr Harmon were applied directly to strips of sur- 
viving intestine The object of this was to ascertain roughly, if pos- 
s'ble, the kind of environment (as judged by mediums of different 



Fig 7 — Effects of culture mediums incubated with “creamed” fish on sur- 
viving cat’s intestine A, 2 cc of bouillon culture of fish food, B, 2 cc. of 
lacmus milk culture of fish food , C, 2 c c of bouillon dextrose culture of fish 
food , D, 0 5 c c of 10 per cent sugar 

composition) that is most favorable to the organisms for the develop- 
ment of the physiologically active toxic substances It was interesting 
to find that only one culture, namely, bouillon-dextrose, out of several 
that were used, produced a physiologic response, and this resembles 
essentiall 5 >- the effects produced by the aqueous extract (A) of the 
hospital material itself The effects of plain bouillon and dextrose 
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alone were excluded because no effects were produced by the inocu- 
lated mediums The effects of the various cultures are briefly sum- 
marized in Table 3 and illustrated by Figure 7 


TABLE 3 — Effects of Cultures Incubated with "Creamed” Fish on 

Surviving Intestine 


Culture Medium and 
Quantity Used 

Description of Peristalsis 

Plain bouillon, 2 cc 
Lacmus milk, 2 cc 
Emulsion from agar 
stab, 2 c c 

Bouillon-dextrose, 2 c c 

Dextrose 10%, 2 cc 
Extract A (fish) 

No effect on tone, rate or amplitude 

No effect on tone, rate or amplitude 

No effect on tone, rate or amplitude 

Marked increase in tone , some increase m rate , 
no increase in amplitude 

No effect on peristalsis 

Marked increase m tone, some inciease in rate 
and amplitude Effect removed by 02 c c papa- 
verm HCl 0 1 per cent 


4 CHEMICAL OBSERVATIONS 

The general principles recommended in Barger’s monograph for 
the extraction and purification of the simpler bases were followed 
As no more of the hospital material was available, the “creamed” 
putrefied salted codfish used in the control experiments, which behaved 
similarly physiologically, was used No attempt was made to isolate 
the active chemical substance or substances in the form of pure salts 
as the technic is beset with numerous difficulties and would require 
more time than was justified in spending As pure an extract was 
obtained as possible which would permit the application of certain of 
the group reactions for the supposed bases and other products 

An aqueous acid extract in the cold of the “creamed” putrefied 
salted codfish was made by treating about 200 gm of the macerated 
material with hydrochloric aci.d The material was thoroughly 
expressed and the liquid extract evaporated and dried in vacuum It 
was necessary to eliminate the use of heat, since it was found that 
an extract obtained by heat was physiologically inactive, and it is 
known that many of the bases are destroyed by heat The thick 
<;meary residue was then treated with 95 per cent alcohol to remove 
a<^ much protein and other precipitable materials as possible Enough 
M’ater was present under these conditions to retain the active bases 
in solution The alcohol was removed by spontaneous evaporation 
at first, and finally, m vacuum The residue now remaining was 
treated with water, and appeared to dissolve completely with some 
opacity This was then treated with both the basic and ordinary lead 
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acetate three times, the lead being removed each time by piecipitation 
with hydrogen sulphid Finally, when all the lead was removed, the 
remaining extract, which appeared to have a slightly yellowish tint, 
was treated with animal charcoal in the cold and filtered The filtrate 
appeared entirely colorless and transpaient This filtrate was then 
used for the various tests as follows 

1 Pauly’s reaction^ with p-diazobenzene sulphonate gave a yel- 
lowish with rose-pink at fiist and finally a deep orange This was 
controlled with a very dilute solution of histamin, which gave a similar 
set of colors, namely, yellow with rose-pink at first and finally a deep 
orange A strong histamin solution gave colors which were more 
intense The reagent alone gave a very light yellow which did not 
develop as rapidly as with the filtrate or histamin, and showed no 
rose-pink or deep orange Dialyzed egg-albumin gave the same as 
the reagent alone, but a weak peptone solution gave colors very 
similar to those of the extract and histamin 

2 The fish extract did not give a positive biuret test This would 
exclude protein, such products as peptone and also histidm 

3 Knoop’s test (boiling with bromin water) was not positive 
This would also exclude histidin 

The results obtained with these tests roughly indicate that the 
general group of diamins is concerned To this group belong histamin, 
putrescm and cadavenn It is not maintained that the presence of 
either one or all of these products is demonstrated However, other 
substances which are said to give Pauly’s reaction, such as alcohol, 
chrysarobm, creosote, cresols, dionin, guaiacol, heroin, morphin, naph- 
thol, opium, phenol, tannic acid, etc do not come into consideration 
here, purins and other analogous products which occur in normal 
urine (also positive with Pauly’s reagent, though not characteris- 
tically), and also tyramm, are excluded because these do not give 
any known physiologic reactions such as were obtained with extracts 
of the fish material, or clinical symptpms as exhibited by the patients 

IV Comment 

BY P J HANZLIK 

From the nature of the clinical evidence obtained, it appears that 
the symptomatic attack which seized the patients was not of bacterial 
origin The attacks took place within three hours, winch is much 

5 The reagents used in this reaction are (1) 0 5 per cent solution of 
sodium nitrite, and (2) 0 5 per cent solution of sodium sulphanilate The 
reagents are used in the proportion of 1 of the nitrite to SO of the sulphanilate 
and are not mixed until the test is to be made 

6 Hawk Practical Phj’’siological Chemistryr Philadelphia, P Blakiston’s 
Son & Co , 1913, p 360 
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shorter than the incubation period of any known organism It appears, 
then, that some other cause was present This might be chemical, 
that is, some chemical substance, which was already present in the 
fish food before it was ingested The origin of this, in turn, might 
be bacterial or autolytic It is presumed that it was bacterial The 
rapidity, violence and suddenness of the attacks would indicate some 
active chemical substance which was preformed and readily absorbed 
Physiologically, it can bh said that the experiments on surviving 
organs indicate that some substance markedly stimulating to peristalsis 
was present m the material The tone of both intestinal and uterine 
musculature was markedly increased In fact, this seemed to be the 
most striking effect However, the rate and amplitude of the intes- 
tinal peristalsis were also increased at times These reactions would 
not necessarily explain the gastro-mtestmal symptoms observed in the 
patients, but it is suggestive Increased peristalsis of the intact intes- 
tine was observed in a dog which had received an intravenous injection 
of the most active fish extract (A) These effects are quite analogous 
to those obtained with histamm and similar diamins, such as putrescin 
and cadaverm, which can be prepared from decomposed flesh The 
effect on the systemic blood pressure resembled that of histamm, 
namely, a fall with a gradual tendency to recovery These reactions 
cannot be attributed to protein or its decomposition products, such as 
albumoses and peptones, or even purms, because many of these are 
not known to have any such physiologic effects, and moreover, certain 
of the extracts which contained these products produced no effects 
it would appear that these physiologic actions are due to some chemical 
substance which is elaborated under certain favorable conditions, 
namely, from salted codfish which is previously allowed to putrefy 
and then is “creamed” and prepared as described m the text An 
aqueous acid (hydrochloric acid) extract of such fish food gave the 
most marked and constant typical effects A similar extraction could 
conceivably occur in the stomach, that is, by the solvent and digestive 
power of the gastric juice The alkalinity of the intestine would not 
remove the physiologic effects, as no interference with the typical 
mtestmal reaction was observed when the active acid extract was 
rendered alkaline 

The chemical evidence is incomplete However, it may be stated 
that the physiologically active substance is destroyed by prolonged 
boiling, as the boiled extracts were inactive Alcohol does not remove 
it completely An aqueous acid (hydrochloric acid) extract in the 
(old was the most active and gave constant results (Only the 
“creamed” putrefied salted codfish is here referred to, as the fresh 
fish and salt fish under other conditions gave inactive extracts ) The 
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fctct that Pauly’s reaction with p-diazoheiizene sulphonate was posi- 
tive in the absence of protein (excluded by purification and negative 
biuret reaction) seems to indicate that some base belonging to the 
general group of diamins represented by such products as histamin, 
putrescm and cadaverin deiived fiom putrefied flesh is present The 
presence of puiins and other analogous substances is excluded by the 
nature of the symptoms and the physiologic effects on blood pressure 
and surviving organs 

V Conclusions 

1 The clinical symptoms observed in a large number of patients 
attacked with ptomain poisoning from “creamed” salted codfish were 
epigastric distress, nausea, vomiting, intestinal colic and diarrhea Com- 
plete recovery occurred in from twelve to twenty-four hours, in a 
part of the individuals spontaneously, and in another part following 
gastric lavage 

2 Bactenologic examination of the “creamed” fish showed the 
presence of the Bacillus coh commiinwi , and other saprophytes and 
some staphylococci 

3 The gastro-mtestinal disturbances are not attributed to infection 
by the organisms in the fish material 

4 Extracts of the “creamed” fish gave practically the same physio- 
logic reactions as the same brand of salted codfish which was previ- 
ously allowed to putrefy and then was prepared in the same manner 
as the food served to the patients 

5 The physiologic effects consisted of a marked stimulation of 
intestinal and uterine peristalsis with surviving organs, and a fall of 
blood pressure with gradual recovery 

6 The purified active extract of the “creamed” putrefied salted 
codfish contained some physiologically active base, whose chemical 
reactions resemble those of the group of diamins to which putrescm, 
cadaverin and histamm belong 
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Heart block is ordinarily understood to be a condition in which 
there is impairment in the conduction of impulses from auricles to 
ventricles The first stage of this process is represented by a mere 
delay m the conduction time recognized by an increase in the a-c inter- 
val m jugular tracings and in the P-R time in electrocardiograms In 
this condition all impulses reach the ventricle , but if the delay is suf- 
ficient or if the heart rate is rapid, an impulse may occasionally fail to 
reach the ventiicle, giving partial heart block Finally, there is a con- 
dition m which none of the auricular impulses reach the ventricle, and 
the auricles and ventricles each beat of their own rhythm and inde- 
pendently of one another These three stages may be termed, first, 
delayed conduction, second, paiUal heait block, and third, complete 
heai t block The cause of this disturbance in heart mechanism lies in 
the effect of some toxin or some degenerative change on the auriculo- 
ventricular node of Tawara or on the mam stem of the bundle of His 
Any of the three stages may result from the action of digitalis, from 
acute febrile conditions, particularly rheumatic fever, and from chronic 
degenerative processes involving the conductive mechanism of the 
heart, such as cardiac sclerosis or gummas 

It might be expected that changes similar to those which occur in 
the auriculo-ventricular node and bundle of His would take place when 
similar abnormal conditions existed m the vicinity of the smo-auncular 
node, which has much the same function and structure as the auriculo- 
ventricular node One is, in fact, surprised that defective conduction 
between the sinus node and auricle is so rarely observed As at present 
there is no simple means of determining a smo-auncular (S-A) inter- 
val corresponding to the auriculoventricular interval (a-c or P-R), 
delayed conduction m this region, if it occurs, cannot be recognized 
It follows that not all conditions m which the first stage of block might 
exist are recognized as such, for the S-A mterv^'a! may be much pro- 
longed without causing any change detectable by any of the graphic 
methods of heart diagnosis Howev'^er, if the second stage of block is 

* Submitted for publication Sept 17, 1915 
This work was done under a grant from the Proctor Fund of the Harvard 
Medical School for the study of chronic diseases in the Medical Clinic of the 
Peter Bent Brigham Hospital 
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piesent, then the condition can be recognized either by jugular tracings 
or more accurately by electrocardiograms, for a complete heart cycle is 
dropped and the pause is approximately twice the length of the normal 
heart cycle Four such cases observed by the author m the medical 
clinic of the Peter Bent Brigham Hospital are here reported with a 
historical review of the subject, and certain observations on the 
ccndition 

HISTORICAL REVIEW 

In 1883 GaskelP showed that the pnmwn movens in the tortoise’s 
heart was located near the mouth of the great veins Between that 
time and 1907, when Keith and Flack® made the discover}’- that histo- 
logically there could be seen a specialized tissue in this vicinity, many 
investigators have published results similar to Gaskell’s, working with 
various cold and warm blooded animals It has long been known that 
the automaticity and the rhythmicity of the heart musculature dimin- 
ishes from above downward, that is, under normal conditions the sinus 
region is most automatic, and in lesser degree the auricles and ven- 
tncles, respectively This explains to some extent why the cardiac 
impulse and contraction first appears m the region of the great vessels 
and spreads downward It has always been a debatable question, how- 
ever, whether the activity in the sinus region produces any noticeable 
effect either m animals or in the human being Is there a real sinus 
wave 111 the normal jugular curve due to the contraction of the superior 
vena cava^ Hering^ in 1900, experimenting on dogs and rabbits, 
brought out the contraction of the big veins by cooling the sinus region 
thereby slowing the rate of the heart He said 

The slo-vver the heart action no-w becomes, the more plainly one may see 
that unquestionably the pulsation of the veins precede that of the auricles 
Furthermore, one can see that only after several pulsations of the vein does 
an auricular contraction follow Finally, the veins pulsate very feebly without 
being followed by any auricular contraction * 

Erlanger,® in his exhaustive study of heart block, suggests that a 
positive wave in the neck before the auricular systole, in a case which 

1 Gaskell, W H On the Innervation of the Heart, with Especial Refer- 
ence to the Heart of the Tortoise, Jour Physiol, 1883, iv, 43 

2 Keith, A , and Flack M The Form and Nature of the Muscular Connec- 
tions Between the Primary Divisions of the Vertebrate Heart, Jour Anat and 
Physiol, 1907, xh, 172 

3 Hering, H E Zur experimentellen Analyse der Unregelmassigkeiten des 
Herzschlages, Arch f d ges Physiol , 1900, Ixxxii, 1 

4 Je langsamer nun die Herzaction wird desto deutlicher sieht man dass 
ganz unzweifelhaft den Pulsationen der Venen, jene der Vorhofe folgen 
Weiterhin kann man beobachten dass erst auf mehrere Pulsationen der Vene 
eine Vorhofscontr action folgt Schhesslich pulsieren nur noch die Venen ganz 
schwach, ohne von Vorhofschlagen gefolgt zu werden 

5 Erlanger, J On the Physiology of Heart Block m Mammals, with 
Especial Reference to the Causation of Stokes-Adams’ Disease, Jour Expe’’ 
Med , 1905, vii, 676 
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had complete heart block and which therefore permitted the auriculai 
v/aves to appear distinctly during the long ventricular pauses, may be 
due to the contraction of the great veins The curves of this case are 
quite clear, but there is a considerable interval between these sinus 
waves and the auricular waves, which is contrary to the work recently 
reported by Eyster and Meek® These authors have shown that the 
impulse travels from the pace maker at the head of the sinus node 
upward to the superior vena cava quite rapidly, and to the auricular 
musculature more slowly, but the difference m speed is not greater 
than 0 02 second Considering that conduction is less rapid in the 
human heart, it is still much too short a time to permit any distinct 
wave to appear 

It may well be that a sinus wave appears distinctly in the jugular 
curves only under the most favorable circumstances The proper 
venous pressure may be necessary Or if there is a delay m the con- 
duction of the impulse from sinus region to the auricles, a small wave 
due to the contraction of the mouth of the superior vena cava might 
appear which otherwise would have been lost in the auricular wave 
These several factors may account for the failure in most instances to 
obtain such a wave either m animals or m man The same uncer- 
tainty exists in electrocardiography It is thought by some investiga- 
tors that a split “P” wave does not necessarily represent the retarded 
contraction of one or the other auricle, but that it is due to sinus 
activity Hering,^ by vagal stimulation in dogs, caused a small wave 
to appear 002 second before the “P” wave in electrocardiograms 
Von Hoesslin® found that the “P” waves became notched during vagal 
pressure in man, but that the notch came after the point where the 
auricular complex started, that is, between the P and R waves One 
must distinguish in this connection between a possible pressure wave 
as a result of the contraction of the superior vena cava and a wave m 
the electrocardiogram as a result of sinus activity They have both 
been called sinus waves, but their causes and their time relations are 
different The latter must necessarily come before the mam auricular 
complex, while the occurrence of the former will depend on the relative 
speed with which the impulse reaches the veins and the auricles Kahn® 
found a notch in the P wave of horses which would come 004 second 
after the beginning of the auricular complex, but m some cases the 

6 Eyster, J A E , and Meek, W J Experiments on the Origin and Propa- 
gation of the Impulse in the Heart, Heart, 1914, v, 119 

7 Plenng, H E Experimentelle Studien an Saugethieren uber das Elektro- 
kardiogramm. Arch f d ges Physiol, 1909, cxxvii, 155 

8 Von Hoesslin, H Beobachtungen uber den Einfluss des vagus auf das 
menschliche Herz, Deutsch Arch f khn Med, 1914, cxm, 537 

9 Kahn, R H Das Pferde-Ekg, Arch f d ges ph} siol , 1913, cliv, 1 
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second portion of the citive would be smallei than the first On meas- 
uring back fiom the first point of the mechanical cuives traced by the 
auricular contraction, and assuming that the time from the electrical to 
the mechanical evidence of conti action is the same for auricle and 
ventricle, he found that the fiist part of the wave coi responded to 
auricular conti action It is difficult, therefore, to explain a notching 
which occurs after the auiiculai complex has begun, as due to activity 
111 the pace maker which is first to become electrically negative Weil,^° 
m a recent publication, states that the notching of the P wave is due 
to delayed conduction m the sinus node, oi between the node and the 
auricles and that the first part is a result of sinus activity According 
to Norr,^^ in the electiocardiogram of some hoises a distinct wave is 
seen 0 08 second before the auricular wave, which he thought was due 
to the contraction of the great veins One can readily see from this 
brief resume that the question of sinus waves is unsettled and 
problematic 

It is not necessary that there should be an evident wave in the elec- 
trocardiogram as a result of sinus activity in order to draw conclusions 
as to physiologic and pathologic processes going on in the S-A node 
It has been shown by Lewis, Oppenheimer and OppenheimeP® that 
over the specialized tissue described by Keith and Flack there is a 
point on the sulcus terminalis and in the immediate neighborhood of 
its upper extremity, close to the cavo-auricular angle, which becomes 
electrically negative before any other part of the auricular musculature 
Eyster and Meek,® using the same index, determined the course of the 
impulse in the mammalian heart by placing two electrodes on various 
portions of the auricles They found that the impulse started at the 
upper end of the node and traveled most rapidly to the mouth of the 
superior vena cava and less rapidly to the lower part of the node itself 
According to their calculations, it took 0 01 second to reach the lower 
part of the node, but a shorter time was required to reach the superior 
vena cava, while to a point on the right auricle only 2 or 3 mm away 
from the node, the duration was from “0 015 to 0 025” second 

Blocking of impulses at the pace maker was observed experi- 
mentally by Hering® in 1900, and later^® in 1906 he obtained pauses of 
the auricles and ventricles approximately twice the normal length by 

10 Well, A Beitrage zur klmischen Elektrokardiographie, Deutsch Arch 
f klm Med , 1914, cxvi, 486 

11 Norr, J Das Elektrokardiogramm des Pferdes Seine Aufnahme und 
Form, Ztschr f Biol, 1913, Ixi, 197 

12 Lewis, T , Oppenheimer, B S , and Oppenheimer, A The Site of Origin 
of the Mammalian Heart Beat, Heart, 1910-1911, ii, 147 

13 Hering, H E Ueberleitunzsstorungen am Saugethierherzen mit zeit- 
weiligen Vorhofsystolenausfall, Ztschr f exper Path u Therap , 1906, in, 511 
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clamping the A-V node Erlanger and Blackman^^ were able to make 
the veins of the rabbit beat twice as fast as the auricles by passing a 
thread down the superior vena cava and out through the inferior cava 
and twisting the thread, the torsion causing pressure on the S-A node 
In a later publication, Erlanger^® thought that m similar experiments 
when the auricles were beating regularly and slowly there was com- 
plete smo-aui icular dissociation In studying the effect of aconite on 
dogs, Cushny^® noticed sudden halvings of the auricular and ventricular 
late, which he thought was due to a blocking of every other impulse 
at the sinus node 

REVIEW OF CLINICAL CASES OF SINO-AURICULAR BLOCK 

From a clinical standpoint, occasional cases showing smo-auricular 
block have been reported . In 1902 Mackenzie^'^ discussed a case and 
showed radial and jugular tracings m which there were pauses approxi- 
mately twice the normal heart cycle During some of these pauses an 
“a” wave appeared m the jugular, while during others no wave was 
present He did not say that the failure of the auricles to contract 
was due to a S-A block, but it seems quite possible from his tracings 
ihat there was block present in both nodes Joachim^® reported four 
cases of heart block with radial tracings of two and both radial and 
jugular tracings of the other two The pauses m the radial tracings 
were more or less short of being twice the length of the normal cycle 
The ‘'a” waves were absent in the jugular curves during the pauses 
In three of these cases the cycle after the pause was generally longer 
than the other normal cycles (Reference to this point will be made 
later in connection with the cases observed by the author ) 

Wenckebaclff^ discussed two cases of heart block showing jugular 
and radial tracings The first one was a young man in good health 
who showed a gradual increase m the a-c interval until an “a” wav^ 
appeared in the neck which was not followed by a ventricular beat 
Following this pause, however, neither auricle nor ventricle contracted, 
vdiich signified that the impulse was blocked at the S-A node The 

14 Erlanger, J , and Blackman, JR A Study of Relative Rliythmicity and 
Conductivity in Various Regions of the Auricles of the Alamrrialian Heart, 
Am Jour Physiol , 1907, xix, 125 

15 Erlanger, J Irregularities of the Heart Resulting from Disturbed Con- 
ductivity, Am Jour Med Sc , 1908, cxxxv, 797 

16 Cushny, A R The Irregularities of the Mammalian Heart Observed 
under Aconite and on Electrical Stimulation, Heart, 1909, i, 1 

17 Mackenzie, J The Cause of Heart Irregularities in Influenza, Brit Med 
Jour , 1902, 11 , 1411 

18 Joachim, G Vier Falle von Storung des Reizleitung im Herzmuskel, 
Deutsch Arch f klin Med , 1905, Ixxxv, 373 

19 Wenckebach, K F Beitrage zur Kenntnis der Menschlichen Herz- 
tatigkeit. Arch f Anat u Physiol, Physiol Abt, 1906, p 297 
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second case was one of hypertension with an intermittent pulse, the 
pauses being twice the normal heart cycles The a-c interval was at 
no time increased, and in all but two occasions “a” waves appeared in 
the jugular The failure of the auricles to contract on these two 
occasions he thought was due to insufficient irritability of the auricles 
Hewlett,^® in 1907, reported a case which showed ordinary a-v block 
with occasional instances in "(vhich the auricles as well as the ventricles 
were blocked The pauses in the latter instances were almost equal 
to two heart cycles There was also present a slight sinus arrhythmia 

In the case reported by Gibson^^ the patient had a history of 
syphilis, acute rheumatic fever and excessive use of alcohol , hyper- 
tension was present Polygraphic tracings showed that the a-c interval 
was 0 7 second and that every other ventricular beat was blocked A 
small wave which appeared 0 7 second before the “a” wave was thought 
to be due to contraction of the superior vena cava This very long 
S-A interval must be accepted with some doubt, although it did 
diminish to 0 4 second eleven minutes after an atropin injection 

Rihp2 reported a rather doubtful case with radial and jugulai 
liacings in which there were pauses a little less than twice the length 
of one heart cycle, some having "a” waves and others not The patient 
had been on digitalis at the time A very striking instance of pro- 
longed arrest of all chambers of the heart was reported by LasletP® m 
v/hich the patient had attacks of faintness during the long pauses 
The periods of inhibition do not measure out to be multiples of the 
normal heart cycle, and so it is questionable whether impulses were 
leally blocked or whether it was a vagus slowing of the pace maker 
itself The fact that excitement and exertion made these pauses dis- 
appear IS in favor of the latter In a more recent contribution by Rie- 
bold,^^ although no tracings were given, numerous interesting figures 
of the heart rate appeared A young man quite sick with typhoid had 
a pulse rate of 120 A few days later the pulse was coupled at the 
rate of 80, and then it became regular at the rate of 40 At other 
times It was noticed to be regular with a rate of 60 Digitalis had been 
given, and because these figures are all simple fractions of the original 

20 Hewlett, A W Digitalis Heart Block, Jour Am Med Assn , 1907, 
xlviii, 47 

21 Gibson, G A Further Observations on Heart Block, Practitioner, Lon- 
don, 1907, p 589 

22 Rihl, J Klinischer Beitrag zur Kenntnis der Ueberleitungsstorungen 
von der Bildungsstatte der Ursprungsreize zum Vorhof, Deutsch Arch f khn 
Med , 1908, cxiv, 286 

23 Laslett, E E S 3 ’ncopal Attacks Associated with Prolonged Arrest of 
the Whole Heart, Quart Jour Med , 1908-1909, ii, 347 

24 Riebold, G Reizleitunzstorungen zwischen der Bildungsstatte der 
Ursprungsreize der Herzkontraktronen in Sinus der Oberen Hohlvene und dem 
Vorhof (sino-auricularer Herzblock), Ztschr f khn Med, 1911, Ixxiii, 1 
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pulse rate 120, it was thought that at first all sinus beats came through 
and later every third, then every second, or two of every three beats 
were blocked at the S-A node It is surprising to note, if this be true, 
that the sinus rate remained constantly at 120 during the entire time 
d'here was given no reliable evidence that the block did not take place 
at the a-c node In the second case reported by the same author, after 
a third injection of 1 drop of tincture of strophanthus, the pulse fell 
from 102 to 51, and during the next few days was counted at 34, 25, 
20 and 17, namely, one-half, one-third, one-fourth, one-fifth and one- 
sixth of the original rate of 102 It is fair to say that during such long 
pauses it ought to be less difficult than usual to hear the auricular 
contractions, and to see the auricular waves m the jugular vein No 
such signs were made out here It was therefore concluded that vary- 
ing degrees of block were present at the S-A node 

An electrocardiographic study of a case of acute rheumatic fever 
by Schott”® describes a condition of paroxysmal tachycardia with a 
regular rate of 200 coming after the patient had been fever-free for 
two weeks During the tachycardia there were pauses exactly equal 
to two or three heart cycles, in which no waves were present at all 
In Table 1 are collected summaries of the fourteen cases of S-A 
block^® which could be found m the literature, together with the four 
cases reported here Only one of the cases from the literature was 
studied with the electrocardiograph, two were studied with radial 
ti acings, two without any of the graphic methods, and all the rest with 
simultaneous jugular and radial tracings Of these eighteen cases, 
ten manifested the arrhythmia only after having been given digitalis 
c ’ some related body such as strophanthin , in four cases digitalis was 
aefimtely in no way related to the arrhythmia, in two nothing is said 
about digitalis, and in the last two, although no statement is made, the 
patients were suffering from cardiac decompensation and so might 
well have received it Of the four cases that were not related to 
digitalis, one had S-A block during attacks of paroxysmal tachycardia 
which occurred during the convalescence from acute rheumatic fever , 
another was in a man who was otherwise well, the third was in a 
woman who had chronic cardiac trouble with attacks of syncope, and 
the fourth is Case 1 described below The third case is better classified 
as one of vagal inhibition rather than S-A block, for the condition 
was not persistent and the pauses were not sufficiently approximate to 

25 Schott, E Ueber Vorhofs 3 ’^stolenausfal] , Munchen med Wchnschr , 1912, 
lix, 292 

26 Since this paper was written one case of sino-auncular block in a healthy 
man was described by J A E Eyster and J S Evans, The Archh^es Ixt Med, 
1915, XVI, 832 Two other electrocardiograms of S-A block were noticed in 
T Lewis’ “Clinical Electrocardiography,” one of which resulted from digitalis 
therapy 
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simple multiples of the length of the normal heart cycles (Laslett’s 
case) Most of the cases showed a greater or lesser degree of sinus 
arrhythmia (see Table 1) The significance of this will be taken up 
more fully later 

Of the foul cases which were studied here, the fiist two will be 
taken up m greater detail because they may serve as two difterent 
t 3 ^pes, Avhile the last two will be just briefly mentioned because the 
condition was only the incidental result of digitalis therapy 

Case 1 (Medical No 1991) — K S, a short stout woman, aged 56, entered 
the hospital, Dec 3, 1914, complaining of a jumping heart The patient had 
never been sick before The family history was unimportant About one month 
before the patient was taken ill with a severe "cold” in the head and chest and 
had severe diarrhea, ten movements a day She noticed for the first time that 
her heart jumped This condition lasted one week Tlie heart quieted down 
and then she was well for ten days A similar attack in winch her cardiac 
symptom was more prominent and her gastro-intestinal less so began two w'eeks 
ago The diarrhea cleared up in a few days but the jumping of tlie heart per- 
sisted and this brought her to the hospital 

On physical examination it was found that the eyes, ears and nose were 
normal, teeth were in poor condition, the skin showed some dermatographia , 
the lungs were hyperresonant The heart borders were very difficult to deter- 
mine The left border was about 12 5 cm from the midline in the fifth inter- 
space The sounds were irregular, that is, after every third or fourth beat there 
was a long pause, and the systolic murmur after the long pause was slightly 
accentuated During the pause no sound could be heard and no wave could 
be seen in the jugular vein Smo-auricular block w'as present The pulses were 
equal and showed the same arrhythmia as the heart sounds The arteries were 
somewhat rigid and under high tension Systolic blood pressure was 196 and 
diastolic 98 The abdomen and extremities were negative The deep reflexes 
were present but somewhat active The urine had a specific gravity of 1 028 , 
there was a slight trace of albumin and no sugar One hyaline cast was seen 
in five examinations Phenolsulphonephthalem output in two hours was 41 per 
cent Blood nitrogen, 23 mg per hundred cc of blood Blood Wassermann 
was negative The condition of the patient remained about the same except 
that she gained strength so that in seventeen days she walked out of the hos- 
pital without any difficulty Numerous electrocardiograms were taken, some 
simultaneously with jugular and brachial curves 

Feb 24, 1915, the patient returned to the outdoor department complaining 
of constipation and bleeding hemorrhoids At this time further electrocardio- 
grams were taken which showed that her arrhythmia remained practically 
unchanged She did quite well under medical treatment, but on April "22, 1915, 
she was again admitted to the wards for further study Observations on the 
effect of atropin and vagal pressure were made During this period of five 
months man> electrocardiograms were taken, and the same condition of S-A 
block was always present No digitalis was administered at any time In Jul}', 
1915, it was learned that the patient was up and about, and doing a moderate 
amount of housework 

Case 2 (Medical No 2212) — Man, aged 42, boiler-maker, entered the hos- 
pital Jan 23, 1915, suffering from shortne'=s of breath and swelling of the feet 
His mother died of diabetes and heart trouble There was an asthmatic historj^ 
in the father’s family The patient had married twice, and both wives had 
many miscarriages He had used tobacco and alcohol to excess and had always 
done hard muscular work under poor hygienic conditions He had measles, 
diphtheria, scarlet fever, malaria, smallpox, pneumonia, gonorrhea, and three 
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attacks of rheumatic fc\er About ten jeats ago he first noticed his heart 
thump Molently after one of his “spiees” This lasted three days He found 
that whisky would occasionally bring on these attacks For the past eight 
months since an attack of pneumonia, he has been unable to work because of 
shortness of breath 

On physical examination the patient was found to be a stout nigged man 
He sat up in bed, breathing rapidly and mth some disticss The tonsils were 
red and ragged, the pharynx was congested The heart n as markedly enlarged , 
left border 20 cm to the left of the midsternal line in the sixth interspace 
The light border was 4 cm to the right of the midstcinal line in the fourth 
interspace The action was regular A sjstohc murmur could be heard all 
oier the precordiiim, loudest at the apex A diastolic murmur was heard along 
the left bordei of the sternum, but not at the apex or at the aortic area Sys- 
tolic blood pressure was 120, diastolic 90 The lungs shoned numerous inoist 
rales in both backs In the abdomen the Iner edge was felt 7 cm below the 
costal margin in the right midclavicular line A distinct fluid n ai e was pi esent 
There was marked edema of the scrotum and legs Patellar, Achilles and 
plantai reflexes nere normal The Wassermann reaction of the blood was 
negative The patient \\as given a Karrell diet He took 0015 gm morphm 
and was started on 10 c c of an infusion of digitalis three times a day Janu- 
arj'^ 5, two days after entrance, the patient had an attack of transitorj-^ auricular 
fibrillation during which tune he felt ^ely much worse This attack w'as similar 
to those he described in his past histoi\ January 29, he was gnen theocin, and 
a maiked diuresis follow'ed The digitalis was discontinued for two days from 
January 29 to January 31, when it was again given m the same doses Febru- 
ary 1 he had tw^o attacks of transitory auricular fibrillation w'hich lasted onlv 
a few' minutes Tw'O days later pauses were first noticed which were equal to 
two heart beats The electrocai diogram showed this to be sino-aiiricular block 
Digitalis w'as omitted, February 4, and on this day another paroxysm of fibril- 
lation occurred, but this attack caused no discomfort, for the ventricular rate 
w'as slowed as a result of the digitalis action on the heart From February 9 
to March 13, digitalis was given in varying doses almost all the time Several 
additional paroxysms were observed, but what w'ere more interesting were the 
long pauses in the heart action, frequenth' preceded or followed bj' an ectopic 
ventricular beat During these pauses, which w'ere numerous, all chambers of 
the heart were inhibited The length of the pauses w'as so nearly equal to a 
simple multiple of the normal heart cycle that it seems probable that there w'as 
a blocking of the impulses just below the pace maker Generally the pause 
w'as equal to two beats, but occasionally longer ones w^ere noticed On one 
occasion theie was total arrest of the whole heart for 3 45 seconds, which 
equaled five heart cycles The patient w^as never botheied by these pauses, 
although he said that he knew the heart w'as skipping beats He did well, his 
edema disappeared to a great extent, and he was able to w^alk about He decided 
to leave the hospital against our advice In three weeks he returned to the 
w^ards (April 13) in a desperate condition He had general anasarca and was 
comatose After rest m bed, digitalis and the taking of theocin, he recovered 
so that. May 22, 1915, he left the hospital much improved During his second 
stay, he show^ed evidence of smo-auricular block on only one occasion, and had 
several paroxysms of auricular fibrillation similar to the ones observed pre- 
viouslv When seen in the outdoor department. Sept 10, 1915, the patient was 
clmicallj'^ the same as when he left the hospital, although he has been unable to 
work 

Case 3 (Medical No 2218) — A A, woman, aged 40, complained of cough, 
palpitation and weakness Her family histor 3 '- was unimportant She had had 
“goiter trouble” for man}’- }ears, and frequently coughed Recently the cough 
and palpitation had been getting worse When she entered the hospital, Janu- 
ary 24, the heart was absolutely irregular, somewhat enlarged and the blood 
pressure w’as 174 svstohe and 80 diastolic There w'ere many coarse moist rales 
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the rate of the pace maker or to changes m the time it lakes the impulse 
to go from Its origin to the auricular musculature It cannot be entirely 
aue to the latter, for then one would expect the P-P interval to become 
gradually longer until one sinus beat is blocked lieie the P-P inter- 
vals become shoiter almost invariably just before a pause, as if the 
conduction of impulses improve Occasionally (Fig 1, Lead I third 
to eighth cycles) the intervals lengthen from 0 88 to 1 07 second, and 
later shorten without resulting in a blocked beat One impulse finally 
IS blocked aftei a short beat It seems therefore that, although there 
probably are changes in the S-A conduction, if one is permitted to draw 
any analogy from the a-v conductive system, these alone are not suffi- 
cient to account for the heart block The other factor is a sinus 
arrhythmia When the heait accelerates during sinus arrhythmia, 
the conduction from sinus to auricle experiences fatigue Finally, 
conduction becomes so difficult that sinus impulses are blocked In 
this event, we expect the cycle before the blocked beat to be short, 
and the first one to appear after the block to be long, but on account 



Fig 2 (Case 1) — Radial and jugular tracings taken Dec 12, 1^15 The 
blocked beat is generally preceded by a short cycle and followed by a long cycle 


of the rapid and irregular rate of impulse formation just at the time 
the beat is blocked, the pause does not equal exactly two normal cycles 
These points are illustrated by almost all the tracings taken of the 
patient over a period of five months, and by many of the other cases 
in Table 1 

In the polygraphic tracings of Figure 2 there is fairly regular 
blocking of every third impulse after a cycle of about 0 75 second 
The length of the pause averaged 1 40 second, and the cycle after the 
pause, 0 82 second If the impulses at this time followed each other 
in 0 72 second, they would be conducted , but if the interval was shorter 
for example, 0 70 second, the second impulse would be blocked The 
only time that the third beat in Figure 2 was not blocked occurred after 
a comparatively long cycle, 0 76 second The ease with which impulses 
could be conducted was not always quite constant On other days, 
impulses were blocked more readily The shortest cycle that was not 
blocked in Figure 1 was 0 86 second, which shows that impulses were 
not conducted as well that day A point of additional interest is that 
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when two pauses come m succession, the second is almost always longei 
than the first (see Fig 1) This follows from the foregoing considera- 
tion, that IS, as the sinus rat^ accelerates, a beat is blocked, then one 
comes through, and the next beat is again blocked, during this time 
Ihe sinus rate has been gradually decreasing in spite of the fact that 
the sinus rate is still rapid, and this causes the second pause to be 
longer than the first 

One must consider possible changes m S-A interval as i\ell as 
changes m the sinus rate If the sinus region is so impaired that some 
impulses are blocked, it is reasonable to assume that the impulses 
which are not blocked are transmitted with greater difficulty than 
normally just as is the case m defective A-V conduction The normal 
S-A interval is about one-fourth of the P-R interval, that is, from 
0 03 to 0 04 second according to Eyster and Meek ° May it not be that 
because this interval is so short, it can be greatly prolonged without 
causing any block ^ An attempt was therefore made to detect the 
sinus wave if present and thereby determine the S-A interval Trac- 


fi '■* ” ■■■ 

IrA. 

•* *J ♦ 

r; , 

t * c \ H 






Fig 3 (Case 1) — Lead II, December 15, before exertion Smo-auncular 
block and occasional premature auricular beats (P B ) are present Ventricular 
rate is 61 16 


mgs were taken with the fiber standardized so that 1 millivolt was 
equal to 3 cm deflection and the photographic paper was moving 
rapidly The peripheral resistance was only 500 ohms, which made 
it possible to have the string very sensitive and yet not too loose No 
evidence of any sinus wave could be detected by this means 

The rate of occurrence of impulses is one factor which contributes 
to the incidence of block, and so it follows that if you accelerate this 
rate, the S-A mteival might be lengthened and many impulses would 
be blocked The patient was therefore asked to lift herself in bed 
from a reclining to an upright position twelve times Tracings were 
obtained immediately before and after the exercise (Figs 3 and 4) 
As was expected, a condition of bradycardia resulted The auriculo- 
ventricular rate before exertion was 61 16 ; after exertion the rate for 
the first twelve beats was 48 52 There were nine consecutive c} cles 
( interrupted only in one place by a short beat) which averaged 1 39 
second m length, that is, a rate of 43 17 This result is explained by 
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supposing that the sinus rate increased and that every second impulse 
was blocked As the patient recovered from the exercise and her sinus 
rfite slowed, the numbei of blocked beats became fewer and she grad- 
ually returned to her original condition The patient herself had 
observed this phenomenon She complained that if she moved about, 
she was more tioubled with “jumping heart” than when she remained 
quiet The cause of the “jump” was the forcible beat following a long 
pause There were more such beats when she exeited herself 

The activity of the vagus nerves was studied to see whether there 
v\fas any hypervagotonicity or hypovagotonicity present Figure 5 
presents two tracings taken April 23, 1915, showing the effect of right 
and left vagal pressure The right inhibited the heart veiy markedly, 
while the left inhibited it only slightly This difleience nas repeatedly 
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Fig 4 (Case 1) — ^Lead II, after exertion Ventncidai rate is 43 17 Lowei 
one taken a few minutes later shows return to original condition 


observed In Figure 5 a the first beat after pressure was started is a 
ventricular beat not preceded by any auricular complex The beat is 
supraventricular in origin because of its normal form The R wave, 
however, is distinctly higher than the R waves which are preceded by 
“P” waves, and therefore it is quite probable that an auricular wave 
IS here buried with the ventricular, increasing its amplitude Similcrly 
the next beat, which comes after a pause of 5 14 seconds, has a higher 
R wave than the others and is not preceded by a P wave These are 
most likely nodal or at least escaped ventricular beats, arising in some 
suprav'^entricular focus The following beat, marked P B , is difficult 
to interpret It comes prematurely and one might say that the T wav'^e 
just before is a little difterent in form from the others, which would 
be explained by considei mg that an auricular beat were superimposed 
on the T wave, that is the auricles had been released from vagal inhibi- 
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tracing was taken one minute before the injection and shows S-A block 
The second tracing of Figure 6 was taken twenty-five minutes after 
the injection and shows a rapid heart action at the rate of 78 59, and 
that the heart block has entirely disappeared The rate increased to 
87 a little while later, and at the height of the atropin effect the condi- 
tion of the vagus nerve was studied to see if there was complete atropin 
lelease Right vagal pressure caused distinct inhibition of the heart 
( Fig 6, third curve) m spite of the rather large dose of atropin given 



Fig 6 (Case 1) — The course of the hearts action under atropin c (taken 
at the height of the atropin effect) shows that the vagi were not completely 
paralyzed Atropin makes the arrhythmia gradualb’^ disappear 
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Evidently the vagi were not entirely paralyzed by the atropin The 
last two tracings of Figure 6 show how the heart gradually returned to 
its former rhythm Table 2 gives the apex rate (counted for a minute 
each time) taken during the experiment 


TABLE 2 — Apcx Rate 


Time 

Pulse Rate 

10 52 

54 

Atropin, 0 0015 gm , at 10 57 

11 00 

54 

11 09 

50 

11 15 

58 

11 20 

76 

11 24 

81 

11 31 

87 

11 36 

86 

11 42 

83 

11 47 

85 

11 51 

85 

11 59 

87 

12 10 

81 

12 20 

74 

12 29 

68 

12 45 

75 

1 00 

65 

2 00 

54 
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Fig 7 (Case 1) — The signal marks the duration of deep inspiration 
Numerous escaped beats probably arising in the junctional tissue appear 


It was expected that acceleration of the rate of the pace maker 
V ould result in the blocking of every other impulse as happened after 
exercise The explanation suggested for the different result is that 
atropin increased the conductive power of the S-A node Ritchie”'’ 
thought that atropin has this effect on the A-V conductive system On 
the other hand, the degree of acceleration may not have been sufficient 
to bring about increased blocking If the sinus rate had reached 90 or 
more, block might have resulted 

Holding a deep breath altered the heart’s rhythm (Fig 7) The 
auricular rate decreased Numerous abnormal beats occurred similar 
to those of Figure 5 It is evident that the ventricles readily escape 

29 Ritchie, W T The Action of the Vagus on the Human Heart, Quart 
Jour ^led, 1912-1913, m 47 
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by starting an inherent rhythm in the absence of impulses coming from 
the auricles These beats resemble those recently published by 
Wilson, which were also obtained under false respiration 

In Case 1, an elderly woman who had hypertension and slight 
impairment of the kidney functions manifested a persistent arrhythmia 
\.diich appears to be smo-auncular block No digitalis was taken at any 
time Figure 8 gives a graphic description of the probable time lela- 





Fig 8 (Case 1) — A diagrammatic representation of a tracing of Case 1, 
taken April 23 The dotted Imes above are the prohalile sinus impulses with 
the corresponding S-A intervals The auricular and \entricular time relations 
were taken fiom an electrocardiogram Iheie is a slight sinus arrhythmia and 
gi-adual lengthening of the S-A inter\al 



Fig 9 (Case 2), Leads I, II and III — ^Jan 23, 1915 Premature auricular 
beats (P B ) occur m Leads I and II 

30 Wilson, F N Three Cases Showing Changes in the Location of the 
Cardiac Pace Alaker Associated with Respiration, Thu Archives, Int Med, 
1915, XVI, 86 
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lions of tlie heart impulses The auricular and ventricular beats and 
the P“R intervals were accurately measured The timing of the sinus 
impulses and the S-A intervals are hypothetic The heart was readily 
inhibited by right vagal pressure, and 0 0015 gm of atropm made the 
arrhythmia disappear Exertion, however, caused bradycardia 



Fig 10 (Case 2) — a January'’ 25, 3 p m, shows an attack of auricular fibril- 
lation h, January 25, ^ p m , sho\^s a normal heart mechanism except for occa- 
sional premature auricular beats, c, February 4, 10 a m, shows auricular fibril- 
lation with slow ventricular rate , d, February 4, 4 p m , shows a normal heart 
mechanism 

Case 2 showed an entirely different type of smo-auncular block 
The heart beat rapidly at the rate of 115 4 (Fig 9) Premature auricu- 
lar beats (P B ) are seen m Leads 1 and 2 The curves indicate pre- 
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dominant hypertrophy of the right ventricle The patient had several 
attacks of transitory auiicular fibi illation Fifty minutes after the 
attack shown m Figure 10 a the auricles stopped fibiillating but devel- 
oped occasional premature beats (Fig 10 b) Between January 25 and 
Februaiy 4 the patient received 3 gni of digitalis The ventricular rate 
during the attack of fibrillation, February 4, was 79 8 (Fig 10 c), 
vdiile the rate during the first attack was 139 9 This demonstrates in 
3 striking way the usual effect of digitalis on auricular fibrillation 
February 3, a pause of 1 56 second was observed between two P waves 
which was approximately twice the length of the following beat (Fig 
11a) The pause was due to blocking of the impulse at the sinus node 
The sinus rhythm was not disturbed After a prematuie auricular 
beat (P in Fig 11 b), there was a pause of r73 second This pause 



Fig 11 (Case 2) — Numerous pauses due to smo-auncular block, which are 
generally preceded or followed by a premature beat 


consisted of two portions, one due to the preceding premature beat, 
and the second to the S-A block The sum of these two intervals, 
2 16 seconds, is exactly equal to three times the preceding normal inter- 
nal, 0 72 second Frequently after premature ventricular beats, a pause 
occurred which together with the pause just preceding it equaled 2 15 
seconds This interval is equal to three normal P-P intervals (Fig 
11 c) Abnormal ventricular beats were almost always followed by 
sinus blocks They often recurred directly after the pause The rela- 
tion between these ectopic beats and the S-A block is not clear 

Periods of simultaneous smo-auncular block and idioventricular 
rhythm were also encountered The auricles beat infrequently, and 
when that occurred, the ventricles developed their inherent rhythm Rg, 
R7 and Rg (Fig 12) are idioventricular beats Rg, an ectopic ven- 
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triculai beat, then follows The slow ventricular rhythm is resumed 
except for one interruption at up to , R^^ is preceded by a P 
wave From R^g on, the auricles and ventricles beat m normal 
sequence Figure 12 c shows a very long period of inhibition which 
resulted from the blocking of four sinus impulses It illustrates quite 
clearly that sudden death by “cardiac failure” m some cases might 
possibly be due to blocking of impulses at the S-A node, with failure 
of the auricles and ventricles to take up their rhythm 

In Case 2, a middle aged man who had chronic valvular disease 
showed during the administration of digitalis, which was given him in 
great quantities, irregular degrees of block at the S-A node Pauses 
the length of two, three, four and five normal heart cycles were 



Fig 12 (Case 2) — a and 6 aie contmiious After a long pause, the beginning 
of which was not photographed, theie was complete blocking of sinus impulses 
for man}’^ seconds, except for two inteiruptions, during which time an idio- 
ventricular rhythm was started A tiacing taken some minutes later shows 
several pauses of difterent lengths , the longest, 3 45 seconds, resulted from 
blocking of four sinus impulses 

observed in the electrocardiograms In one tracing the sinus impulses 
were blocked over a period of many seconds during which time the 
ventricles took up a slow regular rhythm of their own Many of the 
pauses were related to premature ^ entncular beats which came imme- 
diately before or after the pauses 

Cases 3 and 4 (Figs 13 and 14) are further examples of sino- 
auricular heart block occurring during the administration of digitalis 
Case 3 had attacks of transitoiy auricular fibrillation as well Both 
of these tracings show the eftect of digitalis on the A-V system as well 
as on the S-A node, in the prolongation of the P-R intervals 
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Impairment of conduction m the legion of the smo-aunculai node, 
then, IS not an infrequent lesult of the action of digitalis Just as 
digitalis IS thought to have a more marked effect on A-V conduction 
vhen the A-V node is damaged, fibious oi other pathologic changes in 
the S-A node may pi edispose this site to distui banccs such as have been 
noted in these cases The relation of .this distuibance to auricular 
fibrillation it is impossible to state It is significant that two of the four 
cases here reported, and two of the fouiteen cases reviewed here 
(Laslett^^ and Riebold“‘) had attacks of transitoiy auriculai fibrilla- 
tion 
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Fig 13 (Case 3) — A blocked sintis beat is shown with a pause of 1 14 second, 
which is twice the normal heart cycle The upper figiiies are the P-P intcnals, 
the lowei are the P-R intervals The P-R intervals aie somewhat prolonged 
(The standardization is photographed at the beginning of the tiacing) 



Fig 14 (Case 4) — Two blocked sinus beats as well as prolonged P-R 
intervals The upper figures are the P-R iiitei vals , the lowei are the P-P 
intervals The pauses aie slightly less than the length of two normal cycles 


SUMMARY 

Delayed conduction at the smo-auncular node cannot be lecognized 
until it IS of a degree sufficient to cause blocking of impulses It is 
probable that the condition of delayed S-A conduction without block 
IS of much greater frequency than heretofore has been thought to be 
the case Of the fourteen cases collected from the literature and of 
the four described here, the arrhythmia was observed after digitalis 
was given in ten cases, that is, 56 per cent , and it disappeared when 
the digitalis effects had disappeared in these cases In four of the 
other eight cases, it is stated or inferred that digitalis was not given, 
and in the remaining four no mention is made of the matter Two of 
the latter were decompensated and might well have been taking digi- 
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tails before they were observed Four cases manifested paroxysmal 
auricular fibrillation This suggests that there is some pathologic 
change m the S-A node which enhances the effect of digitalis Many 
of the cases showed a sinus arrhythmia more or less marked In 
general, block at the S-A node occurs under the same conditions as 
block at the A-V node, that is, most commonly as a digitalis effect, 
also during acute febrile conditions particularly rheumatic fever, and 
finally m chronic myocarditis 

Four cases are described showing pauses of the heart’s action which 
were equal m length to multiples of the normal heart cycle of the 
respective individual There was no evidence of auricular activity dur- 
ing the pauses, which points to a blocking of the impulses above the 
auricles, that is, at the S-A node The first case exhibited bradycardia 
on exertion The ventricular late fell to 43 as a result of acceleration 
of the sinus rate Tracings taken over a period of five months showed 
tiiat block depended on a slight sinus ai rhythmia Whenever the sinus 
rate increased beyond a certain point, the node failed to conduct the 
impulse to the auricles 

The three other cases showed S-A block only after digitalis had 
been taken , after it was withdrawn, the block was no longer observed 
The second case described showed frequent pauses in which one, two, 
three or four heart beats were blocked At one time there was 
observed m the electrocardiogram a condition of total sino-aunculai 
block for many seconds while the ventricles were beating at their slow 
idioventricular rhythm 

Peter Bent Brigham Hospital 



SERUM SICKNESS IN A SERIES OF FIVE 
HUNDRED PATIENTS IREATED VTTH 
DIPHTHERIA ANTITOXIN ' 

MILLS STURTEVANT, MD 

NEW \ORK 

With a view to ascertaining the frequency and severity of the 
various symptoms of serum reaction, five hundred patients receiving 
antitoxin serum were selected from the Louisa Minturn Hospital 
records Consecutive cases were used, omitting only patients whose stay 
m the hospital was less than fourteen days, or whose complications 
masked the symptoms with which this paper is concerned The anti- 
toxin used was that dispensed by the New York Department of Health, 
so that the serum is somewhat modified * Rash was taken as the deter- 
mining factor in establishing reaction It seems likely that there are 
cases which have no rash but give other symptoms, such as malaise, 
nausea, headache, pains in muscles, slight rise of temperature, etc It is 
difficult to group these definitely They come at the beginning of the 
second week of diphtheria when the patient begins to sit up out of bed 
and IS put on a more extensive diet, and are associated often with con- 
stipation These factors make the etiology of the mild disturbance 
difficult to determine In the following series all patients with pro- 
nounced symptoms had a rash, so this forms a convenient and definite 
starting place 

Of the 500 cases, 422 patients received serum once, while seventy- 
eight were injected two or more times 

Frequency of Reaction m Cases Injected Once — Of the 422 cases 
receiving one injection, eighty-four or 20 per cent showed symptoms 
Previous figures^ have been from 8 1 to 54 6 per cent The variations 
depend on the dosage, the serum itself, and doubtless on the care with 
which the patients can be watched The frequency of the reaction 
increases with the increase in amount of serum given, as is shown by 
Table 1 


* Submitted for publication, Sept 20, 1915 

* From the Department of Medicine, New York University and Bellevue 
Hospital Medical College and The Louisa Minturn Hospital 

1 Park, W H , and Throne, B Trans Assn Am Phys , 1906, xxi, 259 

2 Currie, J R The Serum Disease in Man After Single and Repeated Doses 
Glasgow Med Jour , 1908, Ixix, 277 
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TABLE 1 — Showing Relation Between Dose of Serum and 

Number of Reactions 


1 

Number Cases in 

Group 

1 

Number c c , 
Injected j 

1 

Number 

Cases 

Showing 

Reaction 

1 

1 Per Cent 
Cases 
Showing 
Reaction 

1 

20 


1 

13 ! 

3 

15 

294 


4-10 

50 

17 

106 


1115 1 

1 

29 

27 35 


In addition to the above case one patient received 20 c c and one 50 
c c Both reacted 

Day of Disease of Seuim Reactwn — The time of appearance of the 
serum reaction is shown in Table 2 


TABLE 2 — Time of Appearance of the Serum Reaction 


Day of Disease 

■ 

2 

1 

i 

3 

J 

1 4 

1 

5 

1 ^ 

\ 

1 

' 1 ' 

7 8' 

1 j 

9 

1 

10 

1 

1 

11 

* 12 

1 ' 

i 

13 

11 

1 

15 ' 

1 

16 17 

No cases whole series 

1 

1 

1 

1 1 

1 

i 1 

2 

1 

8 

i 14 

10 1 25 1 

10 

1 

4 ' 

1 

1 

i 0 

1 

3 

2 

1 

0 1 

Receiving under See 



1 

! 

1 

1 

1 

i 1 

1 

1 1 




1 

I 





Receiving 4 10 c c 


1 

1 

1 

' 2 
j 

6 

7 

4 ' 15 

6 

3 

1 


3 


1 

1 

Receiving 11 15 c c 



♦ 


1 

6 

5 10 

3 

1 




2 



Receiving 20 and 50 c c 


1 

1 

. 1 

i 

1 



1 

1 



i 

1 

1 






It would appear that there is no relation between the dosage and the 
time of appearance within the limits cited 

A second reaction was shown by four patients, one on the fifteenth 
day, two on the fourteenth day and one on the sixth da}^ The latter 
reacted first on the first day although there was no history of previous 
injection of serum These cases all occurred in the 1 to 10 c c group 


TABLE 3 — Character of Rash in Relation to Serum Dosage 


Dose of 

Number 

Number 

Per Cent 

1 Number 

Per Cent 

Serum, c c 

Cases j 

Urticarial 

Urticarial 

j Erj thematous 

1 

Erythematous 

1 to 10 

53 1 

34 

j 64 15 

19 

35 85 

Over 10 

31 

29 

93 54 

' 2 

6 46 


Rashes — Sixty-three, or 85 per cent of the eighty-four patients had 
1 ashes of the urticarial type The remaining twenty-one were 
erythematous Of the sixt} -three urticarial rashes forty-three vere 
se\ ere and general in their distribution , twenty v ere mild and limited , 
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two of the severe cases showed small vesicles on the iirticanal papules 
Grouping these according to dosage, there is seen to be a marked 
inciease in the uiticaiias with the increase in dose 

Nausea and Vomiting — Sixteen patients, or 19 04 pei cent, had 
nausea and vomiting With inciease in the amount of serum given 
there is an increase in the frequency and intensity of these symptoms 


TABLE 4 — Showing iKcucAsn in tiic Frlqui ncy or Nausca and Vomiting 

WITH Incui Asn IN Dosagi 


Dose of Serum, c c 

1 

! 

Number of 
Ca‘ics 

Number 

' Hiivinf, Niiu^ca 

1 and A omiting 

Per Cent 
Having Nausea 
and Vomiting 

1 to 3 

3 

1 

0 

0 

4 to 10 


s ; 

If. 

Over 10 

31 

s 1 

25 Si 


TABLE 5 — Showing Duration or Vomiting in Relation to Amount or Serum 


Amount of Serum, c c 

1 

A oniitcd 
Once 

1 Nausea ; 
) 1 Da>, 1 

A'omited 1 
Scv( ral 
' Times 1 

Nau'ca and A'omitmg 

2 Dnjs 

3 Davs 

4 Dass 

1 

All cases 

i 

4 

1 

7 

i 

o 1 

1 

2 

1 

4 to 10 

1 

! 

^ 1 

0 

1 

1 

Over 10 

1 

, 1 

1 

1 ^ ' 

2 

1 

0 


There were no cases of diarrhea There weie three cases of cramp- 
like pains in the abdomen 

Edema and Albuminuria — Four patients had transient edema 
during the reaction This is 4 76 per cent Two of these were in the 
1 to 10 c c group and two in the 10 plus group Three of these 
involved the eyelids and one the lips Of the three which showed 
swelling about the eyes, the tongue also was involved in one and another 
had at the same time some slight edema about the ankles Three of 
the four had a transient albuminuria during the edema Three other 
patients of the series had albuminuria without edema, making six m all, 
or 7 14 per cent 

Temperature, Pulse and Respiration — Twenty-five patients, 29 76 
per cent , had some rise in temperature One had a definite chill , 7 
patients had rise of 99 to 100 F , 11, 100 to 101 , 6, 101 to 102, and 1, 
to 104 The pulse followed the temperature and the respiration showed 
little or no change 
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Joints — Thirteen cases had pain in the joints, 14 28 per cent , 9 of 
these were of short duration with slight or no local objective symptoms , 
4 were severe, with redness, swelling and considerable pain , 2 of these 
lasted thiee days , 1, four days , and 1, six days 

Reaction in Cases Receiving Seium More than Once — Of the 78 
cases receiving serum more than once, 60 patients were injected twice 
and 18 more than twice, 13 of the latter received three injections 
There a\ ere 5 remaining cases which do not lend themselves readily to 
grouping In all of these cases the reinjections were before the appear- 
ance of symptoms from the first injection 

The 60 patients injected twice received the serum after an interval 
of approximately twenty-four hours m every case In 32 cases the 
dose was 3, 4, or 5 c c for each injection, so that the total amount of 
serum received by the patient was from 6 to 10 c c , 8, or 25 per cent , 
of these reacted The appearance of the rash was as follows Two 
cases the fifth day, 4 the eighth day, and 2 the ninth day The rash was 
urticarial in 6 cases, of which 5 were general and severe It lasted 1 
day 111 4 instances, 2 days 1 case, 3 days 1 case, 4 days 1 case and 6 days 
1 case There was slight transient albuminuria in one case , 2 patients 
showed use in temperature, one to 100, the other to 102 F 

In 28 cases the maximal total dose of the two injections was 20 c c , 
the minimum 11 c c In all except 3 the total was 15 c c or more , 10 
of these patients, 35 71 per cent, reacted, 7 of the rashes were urti- 
caiial They appeared later than after single or small repeated 
inj ections 

TABLE 6 — Time or Appearance of the Serum Reaction in Repeated Doses 
D ay of Reaction j ^ ^ ^ 

Number of Cases 1 2 1 1 2ii 1 1 


It seems from the above that an administration of horse serum u"' 
doses from 6 to 20 c c m two instalments iw enty-foui hours apart is 
not less likely to^ give serum i eaction than the same amount given in 
one dose This seems to hold true also in the small number of patients 
injected three times Of 9 who were injected at tventy-four hour 
lnter^ als v ith about 5 c c each time, 3 reacted , 2 with a severe general 
urticaria Of 4 patients receiving larger amounts, total over 20 c c and 
under 40 c c , 2 reacted 

Five cases remain vhich vere difficult to classif}' and from vhich 
little can be deduced The} are tabulated below for the sake of 
completeness 
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T\BLE 7 — Analysis or Fivn Cases Not Included in Above Grouping 
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SUMMARY 






1 A varying pioportioii of patients leceiving modified horse serum 
react with rash and other symptoms The larger the amount of serum 
the larger the number reacting 

2 Most patients react from the fifth to the ninth day, though 
reaction may take place from the first to the seventeenth day and per- 
haps later The time of reaction has no relation to dosage 

3 Rash may be erythematous or urticarial The larger the dose the 
greater is the proportion of urticarial rashes Vesiculai urticaria is 
sometimes, though rarely, seen 

4 Nausea and vomiting occurs m about one in five reacting cases 
It IS more likely to occur and to be severe and prolonged if the dose of 
serum is increased 

5 Albuminuria and edema occur occasionally, either together or 
independently 

6 Joint symptoms occur in about 14 per cent of reacting cases and 
may be severe 

7 If a given amount of serum be given in two or more doses, it 
seems not less likely to produce reaction than if given in one injection 

The above cases occurred in the services of the author and his associates 
in The Louisa Mmturn Hospital To Drs W H Katzenach, Robert J 
Carlisle, Thomas S Southworth, Edmund L Dow and Stafford McLean, the 
author expresses his indebtedness for permission to use such of the cases as 
came m their services 

955 Park Avenue 
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ON NONPARASITIC CHYLURIA'i' 

K I SANES, MD and MAX KAHN, MD, PhD 

PITTSBURGH 

Ever since the days of the celebrated Physician of Cos, fat in 
the urine was recognized and its significance discussed ^ In his 
writings, Hippocrates speaks of several cases of fat in the urine, 
and mentions the case of a woman who several days after childbirth 
voided oily urine It is curious to note that while many have written 
on parasitic chyluria, and some on nonparasitic chyluria, the chemical 
pathology of the latter variety is shrouded in as much mystery as 
it was centuries ago 

We have attempted biiefly to review the literature on this sub- 
ject, and those interested in the progress of medicine will find, we 
hope, the following summary of some value ^ 

After Hippocrates, who wrote of fatty urine and oily urine, Galen 
described three varieties of oleaginous urines, and gave unreason- 
able methods for their differentiation The physicians that followed 
the Pergamite for many centuries added very little to his discussion 
of this subject In the tenth century of the Christian eia, the physi- 
cian Theophile of Salerno in discussing lipuria, stated that the voiding 
of oily urine was indicative of approaching delirium, convulsions 
and death The milky color of the urine was ascribed by many 
authors to the excretion of milk in the urine Actuarius (thirteenth 
to fourteenth centuries AD), Gordon of Montpellier 1320 

A D ), and others taught that milky or fatty urine signified general 
febiile conditions and cachexia Other physicians of the sixteenth 
century wrote that urine rich in fat was a symptom of hectic fever, 
phthisis and a general decomposition of the body and was a very 
grave indication of approaching death In 1694 Peu of Pans reported 
that he had observed the excretion of milk in the urine of a parturient 
v;oman, and he thought that this was a normal means of eliminating 
excessive milk fat from the body 

* Submitted for publication Sept 4, 1915 

* From the Biochemical Department of the Laboratories of the Western 
Penns\lvania Hospital 

1 Hippocrates Aphorums h, 7 No 35 

2 ^fomenoux F Les Matieres graisses dans I’urine Pans 1884 
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The discovery in 1651 by Jean Pecquet of the circulation of lymph 
caused seveial authois to ofter a different explanation for the appeal - 
ance of chyluria In 1670, Valentine Andrea Moellenbrogii wrote 
a treatise on Mictione Chylosa, in which he ascribed chylous urine 
to an abnormal junction of the urinary and lymphatic systems, but 
in his description he confused pus in the urine with chyluria, and it 
was only a century later that Morgagni clearly differentiated the two 
conditions and gave a scientific discussion of these symptoms 

Pierre Frank (1745-1831) reported a case of chylous diabetes 
The patient, a man of 70, voided daily quantities of 16 to 20 liters 
of urine which much resembled milk The patient had a very severe 
thirst and an insatiable appetite The milk}^ appearance of the urine 
was not due to pus 

Attempts at the scientific chemical investigation of hpuria began 
with the dawning of the nineteenth century In 1817, Alibert" 
described a pol)mna which he termed “caseous polyuria ” W e shall 
quote him verbatim 

This variety is very rare I have observed it in two cases The urine in 
these cases is of normal daily quantity, and resembles very much milk upon 
which cream had accumulated At that time I sent a considerable quantity to 
the celebrated chemist, Vauquelin, who was kind enough to submit it to a 
thorough chemical examination He found in the urine substances vhich 
resemble fresh cheese and milk This phenomenon can not be ascribed to 
lactation, for both of these women were advanced in years, and one of them 
never had any childien 

The question as to the location of junction — i e , where the chyle 
IS admixed with the urine — is a mooted one One group of authori- 
ties^ assumes that the chyle or lymph passes by means of fistulous 
paths into the urinary system A necropsy by Ponfick“ seemed to 
corroborate this view, but this has been doubted In a discussion 
before the Berliner medizimsche Gesellschaft, Ewald expressed his 
opinion that the chyle united with the urinary system by means of 
fistulous connections Virchow, however, at the same meeting, 
expressed his skepticism of this view, and said that it was difficult 
to explain anatomically such a condition of affairs 

Another group of investigators believes that the fat and albumin 
present in chylous urine are derived directly from the blood Thev 
ascribe this condition to a disturbance of the functional activity of the 
kidney epithelium which permits of the passage of the abnormal con- 

3 Alibert Nosologic naturelle, 1817, i Fourcroy and Vauquelin Ann 
de chimie, 1800, xxxii, 82 Fourcroy S 3 'stem des connaisances chim , 1801, 
V, 412 

4 Carter Schmidt’s Jahrb , cxx, 274 Ackerman Deutsch Arch f klin 
Med, 1 Dickinson Trans London Path Soc, xxix, 391 Havelburg Vir- 
chow’s Arch f path Anat , ix Siegmund Berl khn Wchnschr 1884 
Grimm Ibid , 1885 

5 Ponfick Schmidt Jahrb , cKix, 4 
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stituents into the urine They also found that the blood was very rich 
m fat in this disease ® 

In 1884 Wilson'^ claimed that he had isolated an organism from 
the urine of patients suffering with chyluria which he thought was 
the causative factor of this disease This observation has never been 
corroborated, and m fact many aspersions have been cast on the 
reliability of his findings 

In 1891, Wolff,® m his dissertation on this subject drew the fol- 
lowing conclusions from his study of a case of chyluria and from 
the report of Goetze’s findings ® Chyluria is certainly not due to 
disease of the liver The secretion of chyle into the urine stands 
in no relation with fistulous passages between the lymphatic and 
urinary tracts The fat and the albumin in the urine are directly 
excreted from the blood into the urine through the kidneys 

The references in this paper will show the number of investigators 
who have, mostly superficially, studied this condition W e find 

that this disease has no predilection for either sex The average 
age of the patients is about 40 years No disease or condition of 
health seems to predispose to this disturbance In fourteen cases 
reviewed by Monvenoux we find diabetes in one, bad alimentation 
in two, debility in two, and blennorrhagia, menopause, parturition, 
hemiplegia, chorea and lymphorrhagia in as many individual cases 
'^’eis described a case m which chyluria was noticeable during preg- 
nancy The pregnancy was forcibly interrupted rather because of 
the excessive albuminuria than because of the chyluria Chyluria 
may be unilateral as was reported by Israeh^ and others Davis^^ 

6 Eggel Deutsch Arch f khn Med , xiv, 449 Thudichum Schmidt’s 
Jahrb , cxxiv, 270 Bence-Jones Phdosoph Trans , 1850, v, 930 Bneger 
Ztschr f physiol Chem , iv Cohnheira Vorlesungen u allg Pathol n, 384 

7 Wilson Lancet, London, 1884, p 1128 

8 Wolff, H Zur Lchre von der Chylurie, Dissertation, Berlin, 1891 

9 Goetze Die Chylurie, Jena, 1887 

10 Prout Ann Phdosoph , xiii, 20 Nasse Unters z Physiol u Path , 

1835, p 211 Bence-Jones Med -Chir Trans, xxxiii, xxxiv Waters Ibid, 
1862. 45 Begbie Edinburgh Med Jour, 1862, viii, 132 Beals See Mome- 
noux (Note 2), p 279 Morgan Ibid, p 285 Roberts A Practical Treatise 
on Urinary and Renal Diseases, London, 1872, p 327 Dickinson l\Ied Times 
and Gaz , 1877 ii 659 Ord, Millei Trans Path Soc , London 1878, xxix, 
402 Baibour Glasgow !Med Jour, 1879 xi, 21 Bouchiit Gaz d hop, 

1879, 111, 847 Mehu L’Urine, p 221 Gujon Traite clin sur les Malad dcs 
\oies urin , Pans, 1881 Boissard France med , 1882, xxix, 410 Bneger 
Berl khn Wchnschr 1885 p 405 Ollner Bull Soc D’Anthropolog Pans 
1878, 1 , 44 Ackermann Deutsch khn , 1863, p 23 Ralfc Med Times and 
Gaz, 1877, o 571 Frank Wien med Wchnschr Jul}-^ 1, 1909 Salle 
Deutsch !Med Wchnschr , 1909, xx>v 142 Haatek Deutsch med Wchnschr 
1910, xxxM, 794 Veis Berl khn Wchnschr 1905 xl 27 Dans Am Jour 
Obst a'nd Dis Women and Child 1913, K\ni 3 

11 Israel Mitteil a d Grenzgeb d Med u Chir 1903 ii 171, 217 

12 Dans Am Tour Obst and Die Women and Child 1913 Ixmii, 3 
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lepoited a case of chyluria in a pregnant woman The patient had 
?n uneventful pregnancy and was delivered at full teim The phenol- 
sulphonephthalein test on the right and left kidneys showed that they 
tunctionated equally well 

Thiough the courtesy of Dr Thomas T Kirk of Pittsburgh we 
weie enabled to make a caieful study of the following case of 
chyluria' The history of the case will be found toward the close of 
this paper 

The patient, who had given birth to a child four months before 
this study was undertaken, complained of five mam symptoms 
Chyluria, polyuria, polydipsia, polyphagia and some loss of weight 
These symptoms would make one think first of all of diabetes The 
findings, however, have proved conclusively that this was not the 
case The fact that she had lived for the past quarter of a century 
in Pittsburgh proper, and the fact that we could never find any para- 
site 111 her blood or urine, piove that this is a case of nonparasitic 
chyluiia The following is a report of the chemical and microscopical 
investigations that have been made on this patient 

THE URINE 

Quantity — The patient loided daily quantities of about 3,000 cc 
Latterly, however, the quantities daily voided have been less, the 
quantity fluctuating between 1,550 and 1,760 c c The patient declares 
that before she came to the hospital she was voiding very much more 
urine than she is doing now 

Coloi — The urine varied m color from yellowish white to cream 
color The separate specimens collected during the various hours 
of the day showed differing appearances In the morning the urine 
was amber, but smoky, toward the afternoon the urines showed 
streaks of red In general, the urine collected as a twenty-four houi 
specimen on several successive days resembled yellowish milk 

Odoi — The fresh urine was almost odorless or had the normal 
urmiferous smell On standing for a few hours the urine became 
strongly ammoniacal, so that we used a few crystals of thymol to 
preserve the urine 

Specific Gravity — The specific gravity varied between 1005 and 
1 011 The morning specimens had a higher specific gravity than 
the total twenty-four hours mixed sample 

Appeal ance — The urine was entirely opaque On centrifugaliza- 
tion a sediment of fibrin and blood appeared at the point of the 
centrifuge tube, but no lessening of the opacity resulted, showing 
that the emulsion was a very fine one and permanent The urine 
did not change m appearance* when allowed to stand m the ice box 
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for several days White and reddish masses were observed in the 
twenty-four-hour specimens These masses will be described under 
the heading Protein 

Reaction — The reaction of the urine varied It was usually neutral 
to litmus However, on titrating the urine with decinormal sodium 
hydroxid, using phenolphthalem as an indicator, by Folin’s method 
we found an acidity equal to 17 to 2 4 c c tenth nonnal sodium 
hydroxid for 10 c c of urine 

Filtration had no effect on the appearance or the color of the 
urine But when the urine was shaken with ether and allowed to 
separate, it became amber in color, cloudy in appearance, but it 
had lost very much of its opacity The urine after ether extraction 
was tested for albumin and found to be positive After coagulation 
of the albumin and filtration, the urine was found to be clear, amber, 
and to all appearances looked like normal urine 

Protein — ^The quantity of protein present m the twenty-four hour 
specimens varied By Scherer’s method the average figure obtained 
for three successive days was 3 1 parts per thousand The Tsuchiya 
method gave a much lower figure of 2 7 parts per thousand Solidified 
masses of fibrin and albumin were found m the urine Some of these 
masses were almost pinhead m size and reddish m color , other masses 
were of the size of walnuts No albumose was found By fractional 
precipitation with ammonium sulphate both globulin and albumin 
were found 

Mucin — Certain of the masses present in the urine had a gelatinous 
appearance, were stringy and gave tests for mucin These mucin 
masses varied in quantity on different days That these masses came 
from the urinary tract and were not admixtures from the genital 
passages is certain, for they were found m cathetenzed specimens 

Glucose — The urine did not contain any glucose Fermentation 
tests of the chyle urine and of the urine after the fat and the albumin 
had been removed gave negative results The reduction tests were 
negative No osazone could be formed Tests for lactose, pentose 
and levulose gave negative results No lactic acid was present 

Leucm, tyi osin, or cysfin could never be demonstrated in any 
specimens of urine 

Traces of indican were always present 

Cholestei ol — The excretion of this substance \aried considerably 
In the first specimens of urine obtained from the patient some time 
ago the cholesterol was easily detected Lately, however, cholesterol 
has decreased in the urine The cholesterol was determined by the 
method of Weston and Kent^^ The daily excretion varied in the 


13 Weston and Kent Jour Med Research, 1912, xxm, 531 
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e^rly couise of the disease from 0 4 parts per thousand to 0 85 parts 
per thousand 

Neither lecithin nor chohn could be detected in the urine 
Acetone, diacetic acid and beta-oxy-butyric acid were always absent 
Mici oscopic Appeal ance — On examination of a centrifuged speci- 
men, many red and white blood cells could be observed Globules 
of fat of the size of ordinary milk globules were seen These fat 
particles stained red with Sudan III Triple phosphate crystals were 
usually present Occasionally a crystal of cholesterol was observed 
No granular or blood casts were ever noticed, though a thorough 
search was made for them A few hyaline casts weie usually present 
Repeated painstaking examination for filaria or any other parasite 
pioved futile These examinations were made on specimens collected 
at different times during the twenty-four houis Occasional squamous 
epithelial cells were seen The bacterial findings were negative 
Special examination for the tubercle bacillus gave negative results 
The elimination of nitrogen, sulphur and phosphorus was studied 
The nitrogen partition reveals the fact that there is a large increase 
111 the purin bases and creatmm excretion This increase seems to 
be fairly constant The ammonia nitrogen seems normal The output 
of urea is decreased 

The accompanying table (Table 1) is the lesult of the determina- 
tion of nitrogen partition on three successive days 

In the sulphur partition, which was done on the same days as 
the nitrogen partition, we found an increased neutral sulphur fraction 
The total sulphur output seems normal The inorganic sulphates are 
reduced, whereas the ethereal sulphates are also increased Table 2 
incorporates the results of this partition 

The phosphorus partition seems to be entirely normal so far as 
could be determined The average daily excretion of phosphorus 
calculated as phosphorus pentoxid was 2 1084 gm (analyses made 
on three successive days) 

Not long ago, Young^^ had occasion to study the protein metabolism 
in two cases of chyluria The first patient was a woman 42 years 
of age, who, though otherwise healthy, had noticed that her urine 
became milky in appearance, and clotted into jelly-like masses on 
standing She had pains in her lumbar region which were dull and 
aching in character, and she had oberved that her urine was stained 
with blood No parasites were ever found in the blood or in the 
urine The second patient was a miner, 23 years old For eight 
years he had been passing urine which was blood stained and which 
on standing became milky and had jelly-like masses No filana were 


14 Young Jour Trop Med and Hyg, 1914, xvn, 241 



TABLE 1 — Nitrogen Partition in Urine 
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found m this case The fat content of the urine was 1 8 per cent 
m the first case and 2 6 pei cent in the second case The quantity 
of protein nitrogen excreted daily vaiied in the first case from 0 49 to 
194 gm , the average for the fouiteen days of observation being 
0 95 gm per diem, coi responding approximately to 6 gm protein 
In general this patient showed a lowered nitiogen metabolism In 
the second case the daily loss of protein nitrogen averaged 2 4 gm 
equivalent to about 15 gm protein When, however, the diet was 
liberal and controlled only by the appetite of the patient, the quantity 
of nitiogen excreted decreased steadily, the nonprotein nitrogen falling 
as low as 6 1 gm daily, coi responding to only 38 gm protein cata- 
bohzed, a figure below normal The protein nitrogen excretion was 
still on the decline when the obseivations of the metabolism were 
discontinued 

Utmaiy Fat — The quantity of fat varied in the daily specimens 
In the early course of the disease it was much more than later on 
Determinations by tlie Babcock method gave figures on successive 
days that fluctuated between 3 8 per cent and 5 4 per cent One 
evening sample yielded as much as 6 per cent fat Analysis by the 
Soxhlet method gave slightly smaller results, varying on various days 
between 3 2 per cent and 5 1 per cent 

On shaking the urine with ether, the urine became demulsified 
and the ethereal extract was separated The etliereal extract was 
of a canary yellow color On driving off the ether a clear, limpid, 
yellow oil was obtained It gave the characteristic “grease spot” on 
paper Acrolein test was positive The melting point of this crude 
oil was found to be 35 5 C It was decided to extract a large quantity 
of fat and determine its composition 

The urine was dried with plaster of Pans and extracted with 
ether for seventy-two hours in a Soxhlet apparatus The ether 
was then evaporated and the fat obtained It was found that the 
tat was composed of two portions One was soluble in alcohol and 
the other portion was not 

Alcohol soluble portion was obtained by evaporating the alcohol 
on a hot plate An oil was obtained It is soluble in warm alcohol, 
ether, chloroform, xylol, toluol and acetone It separates out from 
the alcoholic solution when immersed m a freezing mixture The 
oil IS liquid at ordinary temperature On immersion in a freezing 
mixture it solidified at — 5 C This oil was easily saponified by 
potassium hydroxid The acid obtained by this method proved to 
be oleic acid, as determined by the melting point of the crystals 
(13 5 C ) and the Hubl lodin number The acid was insoluble in 
water, but soluble in ether, chloroform and alcohol 
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The alcohol insoluble portion is a white, opaque, greasy substance 
It IS solid at ordinary room temperature While it is not soluble m 
cold or slightly warmed alcohol, it was found to be soluble in boiling 
alcohol The fat crystallized on cooling the alcoholic solution The 
ciystals obtained were lather irregulai They foimed clumps from 
uhich projected long thin plates or needles The melting point of 
se\ eral samples obtained on different days varied between 58 and 65 C 
From its melting point and from its ci*ystalline appearance we believe 
this fat to margarine On saponification with potassium hydroxid 
we obtained ciystals of fatty acids which resembled both stearic and 
palmitic acids 

Functional Tests of Kidneys — Ureteral catheterization of both 
kidneys showed that fibrin clots and blood were present on the left 
side but absent on the right This was not, however, a constant 
obser^atlon, 

The accompanying comparison (Table 3) of the urines of the 
right and left kidneys is the lesult of one observation Several other 
examinations with catheters at different periods gave other results 
(see later) 


TABLE 3 — Comparison or UiuNrs prom Right and Lett Kidneys 



Left Ureter 

Right Ureter 

Color 

Amber j'ellow 

Straw 

Albumin 

Heavy 

Heavy 

Reaction 

Neutral 

Acid 

Fibrin 

Present 

Absent 

Benzidin test 

Positive 

Negative 

Red blood cells 

Many 

None 

White blood cells 

1 Many 

Few 

Casts 

None 

Few hyaline 

Fat 

Present 

Present 

Cholesterol crj'stals 

Present 

Absent 

Ova and parasites 

Absent 

i 

Absent 


The Phenolsulphonephthalein Test — ^This test was earned out 
twice on the patient The first time was during the week when 
the patient was on a fat-poor diet Both ureters were catheterized 
with the following results It was found that the right kidney 
secreted during the same period five times as much urine as the left 
The red color appeared in the right^ kidney m seventeen minutes, 
vv^hereas in the left kidney the color was very faint and appeared 
only in twenty-six minutes The amount of phthalem in the right 

15 The cliolestei ol was separated from the oil pipetting off the supernatant 
oil, which remains fluid at room temperature 
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kidney (half hour’s collection) was 3 jier cent , and in the left kidney 
there was less than 1 per cent The urine examined after ureteral 
catheterization of both kidneys gave the result shown in Table 4 


TABLE 4 — PlIENOLSULPHONmiTHALEIN TeST 



Right Kidney 

Left Kidnej 

Phenolsulphonephthalein 

3 per cent 

Less than 1 per cent 

Albumin 

Very faint 

Moderate 

Fat 

None 

None 

Red blood cells 

None 

Rarely 

White blood cells 


Many 

Casts 


None 

Epithelial cells 


Few 

Parasites 


None 


The phenolsulphonephthalein test was performed a second time 
during the period when the patient was on a fat-nch diet The 
ureters of both kidneys were catheterized and the phenolsulphone- 
phthalein collected It was obsen’'ed that the right kidney secreted in 
forty minutes 110 cc of urine, whereas the left kidney secreted only 
6 c c Table 5 gives a comparison of the urine from the right and 
left kidneys 


TABLE 5 — Comparison of Urines from Right and Left Kidneys 


Before the Phthalein Test 

Right Kidney 

Left Kidney 

Color 

Yellowish 

Watery 

Appearance 

Very cloudy 

Faintly cloudy 

Reaction 

Acid 

Acid 

Albumin 

Moderate 

Heav3' 

Fat 

Very much 

Slight 

Cholesterol 

Present 

Present 

Glucose 

None 

None 

Red blood cells 

Many 

Manj"- 

White blood cells 

Many 

Moderate 

Epithelial cells 

Many cuboidal 

Man}" cuboidal 

Casts 

None 

None 

Parasites 

None 

None 

After the Phthalein Test 
(Forty Minutes) 

Amount of urine collected 

110 c c 

6 c c 

Phenolsulphonephthalein 

8 per cent 

Less than 1 per cent 


Influence of Diet on Fat Excietion in the Uiine — The patient 
was kept on a diet poor in fat for a period of eight days, and it 
was found that the fat excretion was much reduced The urine 
which was voided in the early morning was especially poor in fat. 
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was faintly cloudy and resembled ver}’^ closely a urine with a mod- 
erate amount of phosphates The amount of fat on two successive 
days m the twenty-four-hour specimen of urine collected on the sixth 
and seventh days that the patient was kept on this diet was 0 47 per 
cent and 0 25 per cent , respectively The accompanying curve shows 
the fat excretion on this diet The amount of albumin excreted was 
also somewhat diminished Blood in the urine was present only in 
small streaks 



Fat excretion on fat-free and fat-rich diets 


A diet rich m fat caused the following symptoms to appear m the 
urine The early morning specimen was very cloudy, in fact much 
more cloudy than any individual specimen that was obtained during 
the previous course of the disease The urine was milky and rich 
in fat, the morning specimen contained 2 14 per cent on the third 
da}--, as determined by the Babcock method Very much wax-like 
material was present as well as mucin 

In 1858 ThudichunT® wrote about chylous urine as follows 

The urine is oftener fatty when the patient subject to this disease lives 
on an animal diet than when he eats a more vegetable one It is most clear 
before breakfast and most fatty after dinner It is oftener free from fat before 
breakfast, when the diet is vegetable, than when it consists more of animal 
food Fat passes off in the urine after food is taken, yet the albumin, fibrin 
and blood globules are thrown out before any food has been taken During 
perfect rest the albumin ceases to be excreted, and it does not appear in quantity 
in the urine even after food is taken, provided there is perfect rest The dis- 
ease of the kidney permits fibrin, albumin globules and salt to pass whenever 
the circulation through the kidneys is increased, if at the same time fat is 
present in the blood, it escapes also into the urine 

THE BLOOD 

An examination of the blood showed hemoglobin 78 per cent , 
leukocytes 5,400 and erythrocytes 4,200,000 Differential leukocytic 


16 Thudichum A Treatise on the Pathology of Urine, London, 1858, p 240 
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count gave the following average results Polynuclears 77 per cent, 
lymphocytes 15 per cent, large mononuclears 7 per cent, eosinophils 
1 per cent No eosinophilia was ever found The blood was searched 
on many occasions, and in specimens taken at different hours of the 
day, for parasites but none were found The fat in the blood was 
only slightly increased The urea in the blood was normal Sugar 
was found to be 0 85 parts per thousand The cholesterol content 
was very high — 3 2 parts per thousand of blood serum 

THE FECES 

The patient was usually constipated so that a laxative had to 
be administered The feces thus obtained was soft, normal in color 
and odor The fat content was quite normal Bile pigment was 
present Blood was absent No parasites or ova could be found 

CLINICAL EXAMINATION OF PATIENT 

Both kidneys were repeatedly catheterized No obstiuction was 
found Cystoscopy and ureteroscopy gave negative results Several 
Roentgen-ray examinations were made but nothing abnormal was 
found There were no fistulous passages that could be found and 
no abnormaltiy in the kidney shadows 

An exploratory operation did not reveal any abnormality that was 
noticeable in the anatomy or situation of the kidneys The blood 
vessels leading to and from the kidneys were normal The ureters 
were normal 

HISTORY OF THE CASE 

Mrs A S , housewife, aged 42, born m German}^ At the age of 13 she 
came to the United States, and with the exception of her first year’s residence 
in New York, she has always lived in Pennsylvania She has been married 
twelve years Her menstrual history is normal She has four children living 
The oldest is 10 years and the youngest is 4 months old Labors and puer- 
perium were normal Her family history is absolutely negative About seven 
years ago her urine for a few months was of a reddish brown color, contain- 
ing blood clots and occasional white curds At that time she also complained 
of weakness and vertigo Otherwise she has always been healthy The present 
illness began on the third week after childbirth, about fifteen weeks prior to 
examination She voids a milky urine of excessive amount, she has a ravenous 
appetite, and a sensation of emptiness in her stomach She is continuously 
thirsty She has lost considerable Aveight since the confinement She has never 
complained of any obstructive pain in the urinary tract 

CONCLUSION 

It would seem that this is a case of nonparasitic chyluna Abundant 
evidence has been furnished that there is no pathologic structural 
connection between the lymphatic system and the urinary tract It 
would appear that the chyluna in this case was due to a passage of 
fat from the blood directly into the urine through the kidney epithelium, 
caused, probably, by a functional disturbance of the kidney cells 



EXPERIMENTAL ALCOIiOLIC CIRRHOSIS OF THE 

LIVER ‘ 
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Ever since the experimental method has been used in pathology 
numerous attempts ha\e been made to show the connection between 
cinhosis of the liver as often seen m ‘‘steady drinkers” and alcohol 
as the causative factor In this experimental work alcohol has been 
used subcutaneously, intravenousl3% by inhalation, and fed by mouth 
Ethyl alcohol has been used by most all, but some have used amyl and 
method alcohol, while others have used mixtures of these, and still 
others have used various beverages, such as schnapps, brandy and 
c'bsmthe Rabbits, guinea-pigs, dogs, lats, mice, hens, cats, ducks 
and pigeons have been used as experimental animals Dahlstrom,^ 
Duchek,- Jeffrey and Serveaux,’’ von Baumgarten,* and de Rechter,® 
were among the first to carry out work along these lines, but with 
negative results Ruge,° Magnan,' Kremiansky,® Mairet and Camber- 
male,® Afanassiew,^® v Kuhlden,^^ Friedenwald,’® d’ Amato, Strass- 

■* Submitted for publication June 11, 1915 
From the Laboratory of Pathology and Bacteriology, IMedical School 
State Univcrsit}^ of Iowa 

1 Dahlstrom Cited from Fahr, Note 23 

2 Duchek Alkohol im tiensher Organismus, Prager Vierteljahrs, 1853 

3 Jeffrey and Serveaux Mensuration de la toxicite vraie de I’alcool, Arch 
de med exper et d’anat path , 1897 

4 V Baumgarten Ueber die durch Alkahol hervorzurufenden pathologisch- 
histologischen Veranderungen, Verhandl d deutsch path Gesellsch , 1907 

5 De Rechter Bull de I’Acad roy de med Belgique, 1892 

6 Ruge, L Wirkung des Alkohols auf den tierschen Organismus, Virchows 
Arch f path Anat , 1870, xlix 

7 Magnan Alcoolisme aigu, etc , Compt rend Acad d sc , 1869, p 825 

8 Kremiansky, J Ueber Pachymeningitis interna hemorrhagica bei 
Menschen und Hunden, Virchows Arch f path Anat , 1868, xlii 

9 Mairet and Cambermale Compt rend Acad d sc, 1888, Nos 10, 11 
and 12 

10 Afanassiew, W A Zur Pathologic des akuten und chromschen Alko- 
holismus, Beitr z path Anat u z allg Path , 1890, viii 

11 V Kuhlden Cited by Fahr, Note 23 

12 Fnedenwald Pathological Effects of Alcohol on Rabbits, Jour Am Med 
Assn , 1905, xlv, 780 

13 d’Amato Ueber expenmentelle, vom Magendarmkanal aus hervorgeru 
fene Veranderungen der leber und uber die dabei gefundenen Veranderungen 
die ubnngen Bauchorgane, Virchows Arch f path Anat, 1907, clxxxvii 
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man/"* Pupier/'^ and Bischoff^” in then early work at least got only 
parenchymatous degeneration of the hvei cells as a result Dujardin 
Beaumetz and Audige^^ fed hogs with their food, alcohol in the form 
of wood alcohol, malt spirits, beef spirits, potato spirits and absinthe 
This experiment lasted thiee years, but owing to the large amount of 
interlobular connective tissue naturally present in these animals it was 
not a success 

Straus and Blocq^® fed rabbits ethyl and amyl alcohol by means of a 
stomach tube and obtained cirrhosis after three months Pupier^® 
claimed that experimenting with hens he got an interstitial hepatitis 
^vlth absinthe, hypertrophic cirrhosis with red wine and atrophic cir- 
rhosis with white wine Afanassiew^® gave dogs, rabbits, guinea-pigs, 
and white rats, by means of a stomach tube, a mixture of ethyl and 
amyl alcohol, and in some instances obtained a well marked cirrhosis 
He also injected alcohol into the portal vein of dogs with positive 
lesults De Rechter® got similar results Mertens^® obtained cirrhosis 
in rabbits by keeping them for a long time in an atmosphere containing 
alcohol vapor Joannovics“° successfully repeated this expeiiment but 
Challand^’- and Magnan^ were unable to do so Saltykow^- injected 
absolute alcohol in physiological salt solution in the ear vein of rabbits 
One animal lived almost two years, receiving in this time eight injec- 
tions, each containing 2i/^ c c of absolute alcohol He found a result- 
ing cirrhosis that was well marked macroscopically and microscopically 

14 Strassman, F Expenmentell Untersuchungen zur Lehr vom chronischer 
alkohohsmus, Vrtljschr f genchtl Med, 1888, xhx 

15 Pupier, Z Demonstration expenmentale de Taction des boissons dites 
spintueuses sur le boie, Compt rend Acad d sc, 1872, p 1415 

16 Bischoff Neue Beitrage zur expenmentellen Alkoholforschung mit 
besonderer Beruchsichtigung der Hertz und Leberveranderungen, Ztschr f 
exper Path u Therap , xi. Part 3, p 445 

17 Dujardm Beaumetz and Audige Recherches expenmentales sur la puis- 
sances toxique des Alcools, Pans, 1879, Recherches expenmentales sur 
Talcoohsme chromque. Pans, 1884 

18 Straus and Blocq Etude expenmentale sur la cirrhose alcoolique de foie, 
Arch de physiol norm et path, 1887, Series 3, x, 409 

19 Mertens Lesions anatomiques du foie du lapm au course de Tintoxica- 
tion chromque par le chloroforme et par Talcool, Arch de pharmacod et de 
therap , 1896, ii 

20 Joannovics Recherches expenmentales sur le pathogenic de Tictere, Mem 
couron Acad roy de med de Belg, 1903, Ueber Veranderungen der Leber 
bei Vergiftung mit Karbammsauren und kohlens Ammomak, Arch de pharma- 
cod , 1903, XU , Ueber experimentelle Lebercirrhose, Wem klm Wchnschi , 1904, 
xvii, 25 

21 Challand, T Etude expenmentale et chnique sur absmthisme et 
Talcoohsme These de Pans, 1871 

22 Saltykow, S Beitrag sur Kenntms der durch Alkohol hervorgerufenen 
Organveranderungen, Verhandl d deutsch Gesellsch , 1910, xiv , Experimentelle 
Forschung uber die pathologische Anatomic des Alkohohsmus chronicus 
Zentralbl f allg Path u path Anal , 1911, xxn. No 19 
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Fahi-' repeated this work using 96 per cent alcohol on two rabbits 
and two guinea-pigs for a time period of two years and got a beginning 
cirrhosis in one rabbit Lissauer-'* used 50 per cent alcohol and brandy 
in the ear vein of rabbits, and after seven months got evidence of 
cirrhosis Schafir-' reported success with similar experiments Pogen- 
pohl,-° Siegenbeck von Heukelom,-' Klopstock,“® v Baumgarten"* and 
Bischoft'/® working along the same lines, got merely fat degeneration 
Lancereaux"® conducted experimental researches for years on cirrhosis 
of the liver, particularly the type that is seen in France, and as a result 
he concludes that alcoholic cirrhosis of the liver is the result of sub- 
stances used m wine, beer, etc , for their preservation, especially potas- 
sium bisulphate He was able to produce typical lesions of “gm-hver” 
by feeding animals this salt The othei salts of potassium gave nega- 
tive results Kyrle and Schopper^° used a 50 per cent solution of abso- 
lute ethyl alcohol m equal parts of water and physiological salt solution 
intravenously, subcutaneously and by mouth on a series of thirty-one 
rabbits The experiment extended over a period of from one hour to 
thirteen weeks Each animal received alcohol every second to fourth 
day, in the dosage of 1 8 c c of absolute alcohol per kilo In all cases 
the liver showed bile stasis, parenchymatous degeneration and fatty 
change m the liver cells These changes commenced about the central 
veins In seven cases there was necrosis of portions of the lobe and 
replacement fibrosis In fourteen cases there was round cell infiltra- 
tion of the interlobular spaces, and in seven others connective tissue 
proliferation with bile duct formation The livers of three of the rab- 
bits showed typical Laennec’s cirrhosis The authors state that degen- 
eration only could be shown during the first two weeks of the experi- 
ment, but after that time the connective tissue reaction could be 
observed 

23 Fahr Zur Frage des chronischen Alkoholismus, Verhandl d deutsch 
path Gesellsch , 1909, xiii , Diskussionbemerkungen, ibid, 1910, xiv, ibid, 1911, 
XV, Virchows Arch f path Anat , 1911, ccv 

24 Lissauer Lebercirrhose bei experimenteller Intoxication, Virchows Arch 
f path Anat, 1914, ccxvii. Part 1, p 56 

25 Schafir Virchows Arch f path Anat, 1913 

26 Pogenpohl Zur Frage der Veranderungen des Pankreas bei Lebercir- 
rhose, Virchows Arch f path Anat , 1909, cxvi 

27 Van Heukelom Siegenback Die experimentelle Cirrhosis hepatitis, Beiti 
z path Anat u z allg Path , 1896, xx 

28 Klopstock, F Alkoholismus und Lebercirrhose, Virchows Arch f path 
Anat , 1906, clxxxiv , Zur Leber von der Lebercirrhose, Berl klin Wchnschi , 
1910, Nos 33 and 34 

29 Lancereaux Granular Cirrhosis of the Liver, Bull de I’Acad de med , 
Pans, 1910, Ixxiv 

30 Kyrle and Schopper Virchows Arch f path Anat, 1913, ccxv. Part 2, 
p 359 



196 


THE ARCHIVES OF INTERNAL MEDICINE 


In a previous communication made a pieliminary report of work 
on experimental cirrhosis Two of the cases leported were on expeii- 
rnental alcoholic cii rhosis and are as follows 

Expowicnt 4 — A rabbit was given by mouth daily, except Sunday, before 
feeding-time in the morning, IS cc of 34 per cent alcohol This was given 
with a medicine dropper, and after a few' administrations no difficulty was 
found in the rabbit’s sw'allowing it By this method I endeavored to repro- 
duce as closely as possible the conditions in the steady drinker that are sup- 
posed to predispose to cirrhosis of the liver, namely, a repeated ingestion of 
alcohol in the “whisky proportion” on an empty stomach This experiment 
was started Nov 4, 1912, and the animal killed April 9, 1913, covering a period 
of slightly over five months Necropsv showed a liver small for an animal as 
large as this one (which at the beginning w'as a full sized rabbit, and w'hich 



Fig 1 — Normal rabbit liver showing normal interlobular space with very 
slight amount of connective tissue between blood vessels and bile ducts 

grew fatter and larger in the meantime, never showing any signs of being 
sick) The liver markings were extremely prominent and the organ was 
lighter m color and firmer , there was some slight roughening of the surface 
Histologically, sections showed quite a large increase m the interlobular con- 
nective tissue in which there were many proliferating bile ducts, the buds and 
new' branches of which stood out very distinctly In several places it was 
evident that these were trying to penetrate the periphery of the lobules The 
blood \essels were not particularly noticeable The connective tissue seemed 
to be pioliferating from the preexisting connective tissue m the interlobular 


31 Grover, A L Experimental Cirrhosis of the Liver, Jour Am Med 
Assn , 1913, Ixi, 458 , The Question of Spontaneous Cirrhosis of the Liver m 
Rabbits and Other Laboratory Animals, Jour Am Med Assn , 1915, Ixiv, 1487 
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Fig 2 — Showing a inodciatc cirrhosis (Animal 11) with areas of degener- 
ation paiticularly at peripher}' of the lobule 



Fig 3 — Marked cirrhosis (Animal 7), shows dense proliferation of connec- 
tive tissue in interlobular spaces with many new formed bile ducts 
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spaces Some ingrowth into the lobule had taken place, hut was not particu- 
larly far advanced More or less increase of the intralobular connective tissue 
was also observed The cells of the liver parenchyma showed pretty much 
throughout a moderate degree of albuminoid degeneration Occasionally the 
central part of the lobule and in one place a whole lobule had undergone a more 
severe change, but not far enough to be called a true necrosis With the higher 
power of the microscope the protoplasm of the cells has the lattice-work 
arrangement of threads as described previously These threads where thev 
crossed one another seemed to be sort of bunched up in a way similar to the 
nodal points in fibrin fibers The piotoplasm of the cells had a tendency to 
gather at the periphery of the cell along the cell membrane, and these threads 
intervened across the more central portion The nuclei stained rather irregu- 
larly, having somewhat of a similai thread-like appearance of its chromatin 
Karyokmetic figures weie rarely observed, but a good many cells were seen 



Fig 4 — Complete parenchymatous degeneration with vacuolation (Animal 
12) Nuclei appear broken up or have entirely disappeared 


with double nuclei In some cells the nucleus was apparently lost, yet the proto- 
plasm had the characteristic appearance already noted An occasional cell was 
vacuolated, but nothing could be determined as to the contents of the same 
Once m awhile a cell or a group of cells would stain more brightly than the 
others As some of these had double nuclei, I took them to be regenerated 
or regenerating cells Very rarely m the protoplasm of a cell could be made 
out a portion, really one of these nodal masses mentioned before, that took a 
brighter stain with eosm than the others This may be the beginning of that 
hyaline skem-like degeneration that Mallory believes to be pathognomonic of 
alcoholic cirrhosis 

The intralobular blood capillaries were dilated and their walls could be fairly 
well made out The endothelium of these as well as that of the lymph spaces 
m the portal regions was actively proliferating 
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E\peument 5 — Anothei animal was treated m the same way for four 
months, but at the end of the third month was inoculated with 0 5 cc of a 
bouillon cultuie of B coh in the ear vein Histologically the liver shows a 
beginning of cirrhosis but much less than the last The bile ducts have not 
jet undeigone any change, tiuis showing that bile-duct proliferation is a later 
process than the proliferation of connective tissue The colon bacilli seemed 
to have no influence, thus acting contrary to the results obtained with it in 
chlorofoim necrosis 

Since this repoit was made another series of experiments have 
been carried out all on rabbits In all, twelve animals have been fed 
alcohol m same dosage as m the first experiment Six other rabbits, 
four from same litters and two from other litters, have been saved for 
controls In brief these experiments resulted as follows 



Fig 5 — Extensive cirrhosis (Experiment 4), the interlobular connective 
tissue proliferation is well marked, but new formation of bile ducts is the most 
prominent feature 

Animal 1 — Lived eight months Liver shows no gross changes but micro- 
scopically one sees areas of degeneration, particularly in the periphery of the 
lobules, but in some areas extending in as far as the central vein In one or 
two lobules there seems to be complete necrosis of cell protoplasm with vacu- 
olation The interlobular spaces are filled with proliferated connective tissue, 
which IS commencing to invade the periphery of the lobules 

Animal 2 — Lived five months Examination of liver showed passive con- 
gestion with some central necrosis All the trabeculae seemed to be widely 
separated There is some slight connective tissue increase in the intei lobular 
spaces 

Animal 3 — Lived foui months Livei showed nothing except some fatty 
degeneration 
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Animal 4 — ^Lived three \\eeks Liver showed no change 
Animals 5 and 6 were contiols One lucd nearL a \ear and then died from 
pneumonia Liver show^ed no lesions The second control is still living after 
thirteen months 

Animal 7 lived about ten months Slioivs a marked cirrhosis 
The mteilobular spaces throughout show' very marked proliferation of con- 
nective tissue w'hich is crow'ding in on the lobules, verj' profusely invading 
the parenchyma cells, w'hich are more or less degenerated 

Animal S lived eight months Show'ed a moderate degree of cirrhotic changes 
about half w'ay between that of Animals 1 and 7 

Animal 9 — Control Lived cle\en months and then was killed by a dog that 
broke into the pen Showed no Iner lesions 

Animal 10 — Lncd six months, show'cd marked beginning cirrhosis 



Fig 6 — High pow'er of liver parenchyma from same slide as Figure 5 
Show's the skein-like formation of protoplasm with masses undergoing hyaline 
degeneration 

Animal 11 — ^Lived nine months, showed considerable connective tissue reac- 
tion A rather marked cirrhosis with considerable bile duct proliferation A 
good deal of parenchymatous tissue seems to have disappeared and to have 
been replaced by connective tissue The newly-formed bile ducts can be seen 
running in the midst of this dense fibrous tissue 

Animal 12 — Animal killed after about twelve months on account of a severe 
long-standing torticollis After nine months, the dose of alcohol was doubled 
After two months more it w'as again doubled Necropsy showed a pale, soft, 
enlarged liver Microscopically, the cells are completely degenerated Nothing 
remains but a %acuolated cell w'lth a broken up nucleus In many instances the 
nucleus had disappeared 

Animal 13 — ^Lived ten months Had to be killed, as overgrowth of low'er 
teeth resulfing from broken upper ones prevented animal from eating Li\er 
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showed enormously enlarged blood vessels and capillaries and quite a marked 
cinhosis that appeared to be originating entirely from the blood vessels and 
in many places it was somewhat of the nature of an adventitial sclerosis 

The rest of the animals and controls aie still alive It is interest- 
ing to note that almost all the young born of females tieated with 
cdcohol weie killed by the mother while those from the contiols lived 
From the woik of previous writers, as well as from this work, it 
pppears that the ciirhotic change is entirely a reparative process stimu- 
lated by injuiy to the liver cells The injury of the cell is manifested 
by albuminoid and fatty degeneration, but also particularly by vacuola- 
tion At the same time there seems to be a gathering of the protoplasm 
into the skein formation previously mentioned, where it appeals to be 



Fig 7 — Show'ing a very early cmhosis The new formed connective tissue 
IS seen proliferating fiom the region of bile ducts Animal 10 

taking on a hyaline appearance very much like that which Mallory 
mentions as the diagnostic sign of alcohol degeneration In all cases 
active regeneration of liver cells can be observed 

Some observers have claimed that spontaneous cirrhosis of the 
liver IS a common condition m rabbits This question has been fully 
considered m a previous contribution The evidence presented in this 
contribution was briefly as follows 

Nearly three hundred rabbits had been necropsied as a routine 
laboratory procedure, and these were used as controls for the fore- 
going experiments with alcohol No evidence of cirrhosis of the liver 
was found except in one case, in which the common bile duct was 
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expel imentally ligated, in one case of expei imental pyemia, m one case 
01 experimental chloroform intoxication, in three cases m which the 
rabbits died as a result of spontaneous pyogenic infection, and finally, 
m one case of infection with Coccidia ovifoime These animals were 
of the same strains as the ones used m the alcohol experiments together 
with many other strains, thus giving as fair a control as would be pos- 
sible for one to find As a result there has been no evidence found 
of spontaneous cirrhosis of the liver The evidence brought forward 
by others is of interest, but I believe that a more careful examination 
would have shown evidence of infection of some sort as the source of 
the connective tissue proliferation 

In conclusion, it seems that when alcohol is given for a long period 
there follows degeneration of the liver cells, which in a large proportion 
of cases is followed by connective tissue proliferation Whether any 
othei piocess comes in to help is uncertain, nevertheless it remains 
pretty well proved that a cirrhosis can be obtained from alcohol in cases 
in which no other factor is apparent 



THE BLOOD AND THE BLOOD VESSELS IN HEMOPHILIA 
AND OTHER HEMORRHAGIC DISEASES 
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It IS becoming increasing!}'- evident tliat the group termed '‘the 
hemorrhagic diseases” includes a large number of abnormal conditions, 
and that, at the present time, it is a fruitless task to attempt to unravel 
the various entities embraced by the clinical conditions which are 
assembled under this general head This is due partly to the fact that 
the physiology of the coagulation of the blood is still incompletely 
understood, partly because of the impossibility of analyzing the various 
factors concerned in coagulation, and in part because these hemor- 
ihagic states have been incompletely observed from a clinical point of 
view Indeed, the knowledge and the methods which are at our dis- 
posal have by no means been fully and intensively applied to solving 
the problems which these cases present 

There are two hemorrhagic states which stand out in relief — true 
hemophilia of the hereditary type, found almost exclusively in males 
and transmitted through the female, and on the other hand, the pur- 
puric conditions, embracing many varieties and found quite as fre- 
quently among females as among males Under this latter heading 
are included purpura hemorrhagica, Henoch’s purpura, simple purpura, 
the purpura of the new-born, and many other forms which have 
received more or less wide recognition It would evidently be impos- 
sible to attempt to consider these multitudinous disorders, and, we 
may add, would be to no purpose and lead to no definite conclusions 
A brief consideration of the clinical manifestations which are supposed 
to distinguish these conditions one from the other is convincing that 
sharp boundary lines do not really exist and that at present no satis- 
factory differentiation can be drawn We shall therefore consider 
purpura rather as an entity and compare it to hemophilia Miss Mil- 
dred Fish has assisted in a large part of this investigation 

During the past year or more we have had the opportunity of 
studying the blood and observing clinically several cases of typical 
hemophilia, as well as some atypical instances of this disorder, and 
numerous cases of purpura The opportunity has been unusual in 
that many of the children have been inmates of the Hebrew Infant 
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Asylum, which rendered it possible to watch them clinically for a long 
and continuous period, and to carry out a large number of examina- 
tions of their blood These tests included as a routine the determina- 
tion of the coagulation time and of the amount of antithrombm present 
In testing the coagulation of the blood and plasma, Howell’s method^ 
was followed For the plasma, this consists of mixing the blood, which 
IS obtained directly from the vein, with 10 pei cent of a 1 per cent 
sodium oxalate solution This mixture is centrifugalized for fifteen 
minutes and the supernatant plasma is pipetted off and recalcified with 
\arying amounts of a weak calcium solution In addition, frequent 
counts of the blood platelets were made by means of the Wright and 
Kinmcutt method, and many tests which will be referred to in the body 
of the paper 


TABLE 1 — ^Variations in Coagui ation or Norm\i Plvsms (A F H) 


Date 

Coagulation 

Time 

minutes 

Remarks 

1914 
March 24 

3 

A.ntithrombin test (Howell) shoued a defi- 

April 28 

1 

8 

ciency of this substance 

April 30 

4 

Coagulation time of blood six minutes 

May 26 

4 

June 15 

10 


June 19 

12 


Aug 26 

8 


Sept 11 

11 

Coagulation time of blood September 3 was 

Oct 21 

10 

six and one-half minutes 


The pathogenesis of true hemophilia is still obscure Some, follow- 
ing Howell, believe that the defect lies in an insufficiency of pro- 
thrombin in the blood , others, following Morawitz, attribute the 
excessive bleeding to a lack of thrombokinase There is, however, 
concordance in the belief that the mam defect lies not m the blood 
vessels, but in the blood itself Normal plasma tested after the manner 
just described, forms a firm clot m about ten minutes (Table 1 ) 
The plasma of the hemophiliac has a delayed clotting time, varying 
generally from about one-half hour to many hours The accompany- 
ing table (Table 2) shows numerous tests of plasma m several cases 
of hemophilia m patients who gave a classical hereditary history 

The first two are brothers (Hyman and Julius S ) There is one other child 
in the family, a girl of about 12 years She is perfectly well and had her 
tonsils removed without hemorrhage The father’s family history is negative 


1 Howell, W H The Archives Int Med, 1914, xiii, 76 
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TABLE 2 — Coagulation Time in Hereditary Hemophilia Cases 


A HYMAN S (5 YEARS OLD) 


Date 

Coagula- 
tion Time 
Plasma 
minutes 

Coagula- 
tion Time 
Blood 
minutes 

Remarks 

1914 



1 

March 11 

25 


Platelets 197 000 

J^'Iarch 20 

10 



March 24 

15 

1 


April 21 

1 


Did not clot 

Ma}’’ 26 

24 


Bleeding from tongue April 25 to May 2 

June 1 

20 

22 


June 8 

20 



June 26 

10 


No loss of blood, hemarthrosis of knee 

Sept 16 

16 

13 


1915 




June 12 

8 


Seveie hemoirhage of tongue stopped 




by thiomboplastin 

June 19 

12 




B JUIIUS S 

(9 A PARS old) 

1914 




MaA 5 

36 

61 

Hemaithiosis of ankle 

May 26 

16 


Platelets, 300,000, leukocytes, 17,000 

Aug 26 

19 1 


In hospital, bled five days after incisor 




tooth extraction 

Sept 14 

42 



Nov 24 


35 


Dec 11 


34 


Dec 14 


60 


Dec 16 


20 

Bleeding from finger all day 

Dec 17 


34 


Dec 21 


48 

1 




C WM B 

(7 YEARS old) 

1914 




Nov 13 

52 

90 

Plasma of brother (9 years old) clotted 




in nine minutes 

Nov 20 

20 

55 


Nov 24 


106 


Dec 16 

100 

210 

Five days ago severe bleeding from 




tongue 

1915 




June 14 

24 


Plasma of brothei (20 years old) clotted 




m twenty-six minutes 
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The mother had no tendency to bleeding and had a peritonsillar abscess opened 
without great loss of blood Her two sisters’ children are also bleeders One 
sister lost two boys from hemoiihage, one of these died following an injurj 
to the mouth which broke several teeth, the history of the other is not definite 
Another child (a girl) is supposed to bleed severely from cuts, so that a phy- 
sician has frequently to be called Another sister (an aunt of Hyman and 
Julius) has a daughter (Yetta K ) who is a bleeder and who will be discussed 
at greater length As for the boys themselves, they have been in the Hebrew 
Infant Asylum for a number of years, have had frequent hemorrhages into the 
joints (ankle, knee, vertebrae), have bled from the tongue several times so as 
to necessitate their removal to a hospital, and are at no time free from large 
“black and blue” marks Julius had to be taken to a hospital when ten days 
old, on account of hemorrhage following circumcision At 2 V 2 years of age 
he was transfused at a hospital on account of loss of blood 

Wm B IS an Italian with a classical history He is one of twelve children, 
the girls are normal, one boy died of hemorrhage, another is absolutely free 
from this tendency and has a normal coagulation time, a third is a bleeder and 
as a result is crippled with stiffening of the elbow and knee joints The maternal 
uncle of the boy died at the age of 18 of hemorrhage There are two maternal 
aunts one had eight sons, seven of whom were hemophiliacs, the other had 
five sons, of whom four were hemophiliacs 

A glance at the column (Table 2) giving the clotting time of the 
plasma shows that, compared to the normal, it was almost regularly 
delayed The first two cases, the brothers Hyman S and Julius S , 
must be considered rather mild examples of hemophilia, in spite of the 
fact that at all times they manifested subcutaneous hemorrhage, and 
from time to time suffeied from prolonged and serious hemorrhage” 
The variability in coagulation time, which is a striking feature, has been 
found by various investigators to be the rule rather than the exception 
in hemophilia, although the cause of these variations has never been 
explained The two tests of Hyman S , March 20 and Januar}'^ 26, 
are particularly interesting and noteworthy, because the coagulation 
time was only ten minutes, that is, was well within normal limits This 
rapid clotting was not occasioned by previous hemorrhage (a phenome- 
non first noted by Sahli), nor by an admixture of tissue juice These 
tests mean that had we depended on the clotting time of the blood on 
these two occasions for a diagnosis of the nature of the hemorrhagic 
condition, we should not have regarded the case as one of hemophilia 
It emphasizes the necessity of numerous coagulation tests in every 
case In spite of these occasional variations, the fact holds true that 
a marked delay in the coagulation of tlie blood is the most charac- 
teristic sign of hemophilia 

Another important element in diagnosis is the number of blood 
platelets Our experience confirmed that of Duke® and others, that 

2 The elder of these boj^s bled for several days following an injury to his 
tongue, and is the case referred to in an article on “Tissue Extract as a Hemos- 
tatic,” where the local application of thromboplastin brought about almost 
instantaneous clotting (Jour Am Med Assn , 1915, Ixiv, 1395 ) 

3 Duke, W W Tnn Archives Int Med, 1912, x 445 
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in hemophilia the platelet count is normal, whereas in purpura it is 
low, frequently less than 100,000 In our cases of hemophilia the 
platelets never fell below 320,000 per c mm , and in some tests num- 
bered over 500,000 In purpura, on the other hand, the counts never 
exceeded 200,000 These cells have recently been the object of par 
ticular attention, as they contain a considerable amount of thrombo- 
plastic substance, the thrombokmase of Morawitz, and it seemed as 
if their study might shed new light on the pathogenesis of hemorrhagic 
conditions Examinations of many cases have convinced us that the 
microscopic appearance of platelets is not always the same, that from 
a morphologic standpoint we can in some instances differentiate and 
distinguish between them In one case of marked purpura, on which 
we carried out many platelet counts and numerous other tests, the 
platelets, on two occasions, were exceptionally large In another 
instance the platelets were unusually small, appearing almost frag- 
mented It IS probable that in future it will be well to note these 
macro- and micro-platelets, just as we are accustomed to take cog- 
nizance of the macrocytes and microcytes among the other blood cells 

Following puncture of the skin by a hypodermic needle, we should 
expect in hemophilia an exaggerated degree of bleeding, at least a small 
areola of hemorrhage, about the puncture wound Such, however, is 
not the case In one of our cases (H S ), who developed diphtheria, 
numerous subcutaneous injections of antitoxin were given and not 
only did these inoculations not result in any marked hemorrhage, but 
there was not the slightest extravasation at the site of the injection 
This circumstance and the fact that we can carry out venepuncture 
with impunity, is probably attributable to the thromboplastic activity 
of the tissue juices which continue to exert their complementary coagu- 
lative function in this disorder ^ 

This lack of hemorrhage following a puncture of the skin is suf- 
ficiently constant to be accorded some diagnostic significance, especially 
as quite the contrary reaction is occasioned in purpura, a marked 
hemorrhagic area manifesting itself at the site of puncture 

As has been shown by Duke,“ the bleeding time is increased in 
purpura By this is meant that bleeding does not stop as promptly a'^ 
in the normal individual, but that the blood wells forth drop by drop 
for a considerable period The test is extremely simple, a prick is 
made with a needle into the lobe of the ear and the drops of blood 

4 The accompanying illustration shows a remarkable clot which formed 
on the tongue of a hemophiliac (Julius S ) at the site of hemorrhage The' 
clot was evidently held firm at its rim by the complementary action of the 
tissue juice, whereas the hemorrhage continued to some degree in the center 
As a result, a cylindrical clot, fully one-half inch in length, developed This 
clot, which resembled a papilloma, checked the bleeding for some days 
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are absorbed with blotting paper If the blood oozes for more than 
three minutes, the bleeding-time is considered increased The test is 
of value ill a positive sense, namely, if the time is found to be pro- 
longed The results vary considerably even from apparently identical 
punctuies made at the same time In hemophilia, the bleeding-time is 
generally normal That this is so can be attributed probably to the 
same complementaiy factor as the normal “puncture test ” 

Some time ago we described a test, termed the "capiUmy lesistance 
test/'^ which IS carried out as follows A tourniquet is applied to the 
upper arm sufficiently tight to obstruct the venous flow, but not to 
completely obliterate the radial pulse In infants, on whom this test 
was extensively earned out, pressure of about 100 mm of mercury 
IS requiied for the puipose This pressure is maintained for three 
niinutes, during which peiiod, if it is properly applied, the foiearm 
should become markedly cyanosed The tourniquet is then removed 



Blood clot following hemorrhage of tongue m hemophiliac 

and we note whether a large number of petechiae or small hemorrhagic 
spots have developed on the forearm This test has been found useful 
111 differentiating between purpura and hemophilia It is surprising 
the degree of pressure which the blood vessels withstand in hemophilia 
without the formation of minute hemorrhages In purpura, on the 
other hand, as must have been noticed by those who have applied a 
tourniquet in the course of aspirating blood, the application of the 
tourniquet quickly brings about not only petechiae, but even larger 
subcutaneous hemorrhages 

Let us turn now to hemophilia It is common knowledge that tins 
disorder has shown itself to be of most marked hereditary character, 
and that this heredity is peculiarly sex-linked, being transmitted by the 
female and manifested by the male This law of heredity, which is 
sometimes termed the law of Nasse, runs so true that many have 


5 Hess, A F , and Fish, Mildred Am Jour Dis Child , 1914, viii, 386 
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believed that it is without exemption, and have cast aside as uncon- 
vincing or unauthentic all cases which seem to run contrary to it Let 
us consider this question , but, first of all, the simple one of hereditary 
bleeders 

The striking hereditary character of true hemophilia has frequently 
led to the assumption that the mere fact that the bleeding tendency 
was hereditary constituted strong evidence for the hemophiliac and 
against the purpuric nature of the disorder This has been our expe- 
rience in regard to cases referred to us by physicians, and is the point 
of view which pervades the literature of the hemorrhagic diseases 
The matter, however, is not so clear cut The fact is that, although 
purpura may not be hereditary, and may be idiopathic or due to sepsis 
or many other causes, there is a definite heredttm y purpw a Whether 
this form of purpura differs from other forms in respects other than 
that it is not acquired, we are unable to state, but the hereditary nature 
of the bleeding seems no more open to question than the heredity of 
true hemophilia Such .being the case, it would seem advisable, from 
a clinical standpoint, to recognize and to emphasize this fact, and to 
make a tentative grouping of these cases under the title of hereditary 
purpura The following are cases of this description 

1 Edward G, 11 years old, suffers from frequent nose bleed, bleeds markedly 
from cuts, has bled for days following extraction of a tooth, and has numerous 
"black and blue” marks on his body He is one of eleven children, ten of whom 
were boys The girl is alive and well and normal Six of the children have 
died and three of them w'ere bleeders, one died of hemorrhage from the cord 
when a day old, another w'hen ZVz years old, and a third when 17 years old Of 
the four boys who are alive, only this one shows evidence of being a bleeder 
The father has given evidences of bleeding inordinately since he was 8 years 
old, he has suffered from frequent nose bleed all his life, has been in a pre- 
carious condition following the extraction of his teeth, and frequently has 
ecchymoses into the skin His father and mother died at the age of 75 and 84, 
respectivelj , and were nev'er troubled with bleeding His wife and her parents 
were normal 

This case was diagnosed as true purpura from the fact that the 
platelets numbered only 62,500, that the plasma coagulated in eight 
minutes, and the bleeding time was increased We may add that this 
case showed macroplatelets 

2 Morris G, 6% years old, bled atfer circumcision to such a degree that 
an operation was necessary When 2Vz years old he fell and bled from the 
frenum of the lip, requiring the services of a physician About two years ago 
a front tooth was pulled and he bled for three or four days and lost consider- 
able blood Recently he fell and again bled from his Iip , after many styptics 
were applied, the hemorrhage was checked by the physician applying some of 
his own blood 

There are seven children in this family, five girls and two boys The only 
other child who shows a hemorrhagic tendency is the boy, who is 9 years of 
age, and bled alarmingly when circumcised, and when a tooth was pulled On 
this latter occasion he bled for five days and many physicians were called to 
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see him He also has frequent nose bleed The father of the boy gives a 
history of marked bleeding following circumcision, of frequent nose bleed and 
of excessive bleeding following cuts He has a brother and a sister who are 
well His wife is perfectly healthy and has three brothers living in this city 
who do not bleed , her mother and father also had no trouble 

The plasma of this boy coagulated in ten minutes on November 4 and 
December 2 His platelet count was 98,000 and bleeding time increased 

The following case, which was kindly referred to me by Professor 
Howell of Baltimoie, is striking both in regard to its definite heredi- 
tary character and its clear cut purpuric nature It was observed 
closely for many months The following is a summary of the history, 
which ivas obtained in detail from Dr A E Fendrich of AVeehaivken, 
N J , wdio had treated the girl for many years 

Lilian P , 18 years of age, frequent nose bleed and purpuric spots since the 
age of 12 Menstruation began at 14 and assumed the character of profuse 
hemorrhage, so that the girl became comatose and was transfused (the mother 
acting as donor ) Seven months later she developed gangrene of one of her 
fingers, which had to be amputated Nose bleeding was frequent and ecchy- 
moses into the skin were present Somewhat over a year ago there was a 
hemorrhage into the ankle joint Mci\struation was always profuse and last 
winter twice threatened life, so that transfusion was performed 

Her father had frequent nose bleed and his family were known as nose 
bleeders, one of his brothers suffers from nose bleed, one sister died of apo- 
plexv at the age of 45 Her mother always suffered from “blue spots,” as did 
many members of her family, the mother’s sister was known to her physician 
as a “bleeding woman,” and has fiv'c children who all bleed from the nose 
frequently, the mother’s brother died suddenly, at the age of 35, of heart 
disease 

Lilian has a brother who bled for two or three days a year ago following 
the extraction of a tooth, another who has frequent nose bleed, a third who 
frequently has “black and blue" spots, she has two sisters one is normal and 
the other has a nevus extending over her right forearm and hand 

The plasma of this girl coagulated in six to ten minutes in tests 
made frequently from November to March Her platelet count was 
almost ahvays below 100,000, ranging between 80,000 and 90,000 
Her bleeding time was increased, her capillary resistance tests markedly 
positive, her puncture test also positive This was one of the cases 
referred to above, where, on occasions, microplatelets were noted, and 
small, shrunken or fragmented platelets 

This case seems of interest from many aspects There can be no 
doubt of the hereditary nature of this purpura Cases of this descrip- 
tion are generally considered hemophilia, and if the heredity points to 
the father, they may be reported as rare instances of hemophilia 
inherited from the male There are one or two other circumstances 
which should be noted in connection with this history It will be 
observed that on one occasion the girl had a hemorrhage into the ankle 
joint This IS a lesion which is generally regarded as being distinctive 
of hemophilia Furthermore, we cannot but be impressed by the num- 
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bei of disoiders in this family which are due, at least in part, to vascu- 
lar defects , the apoplexy of the aunt at the age of 45 , the large nevus 
of the arm of the sister, the gangrene of the finger of the patient, 
and perhaps the sudden death of an uncle at the age of 35 As the 
■vessels are probably involved in purpura, these incidents in the family 
history assume increased significance 

In almost all studies of hemophilia, particular emphasis has been 
laid on its striking incidence — the fact that it occurs solely in the male 
and that it is invariably hereditary in origin Although we have not 
encountered any case which absolutely controverts these premises, it 
seems inadvisable and unwarranted to establish such hard and fast 
limitations as have been set down in the comprehensive monograph on 
hemophilia recently issued by the Eugenics Laboratory The litera- 
ture of the subject cannot be used to decide this question, as it is most 
difficult to pass on the reported cases, to accept some and to reject 
others as hemophilia, for conclusive evidence is lacking For example, 
there are comparatively few cases cited m this monograph m which a 
coagulation test of blood, obtained directly from a vessel, has been 
made, or where a count of the blood platelets is reported We there- 
fore have to rely solely on the clinical manifestations and, as has been 
seen from the case (Lillian P ) just reported, these phenomena may 
be insufficient in themselves to permit of a differential diagnosis In 
this connection it should be borne in mind that m other diseases con- 
fined to the male sex, diseases which have the advantage of being 
susceptible to more ready diagnosis, such as color blindness and pseudo- 
muscular dystrophy, well authenticated cases have been described in 
the female We raise this question, as we have met with two instances 
in which a hemorrhagic condition assumed a hemophiliac type in the 
male, and a purpuric type m the female member of a family The one 
case is Yetta K who is a cousin of Hyman S and Julius S , whose 
histones have been recorded above The coagulation time of the 
blood of these boys, together with other data, may be seen in Table 2 
We may summarize their cases by stating that they have been under 
observation for some years and that, according to all the diagnostic 
signs which we have enumerated above, they have classical hemophilia 

6 In purpura there is a tendency to multiple hemorrhages as shown by the 
great number of petechiae, there is also a hemostatic defect, which is probably 
associated with the lack of platelets In hemophilia there is no tendency to 
frequent hemorrhages, and probably bleeding does not occur more often than 
normal , there is merely the tendency to excessive bleeding, due to defective 
blood coagulation 

7 Bulloch and Fildes Hemophilia, Eugenic Lab Memoirs, Univ of London 
1911, xii 
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Yetta IS their cousin by a maternal aunt, is 18 yeais of age and well, except 
for the fact that she suffers from bleeding, which interferes with her work 
Since 8 3 ears of age, she has had epistaxis, which has occurred almost daily 
for the past year Last year she bled for some weeks following the extraction 
of a tooth She also suffers fiom menorrhagia Physical examination merely 
showed that she had numerous eccltymotic marks on her arms and legs Her 
plasma coagulated in six minutes, the capillary resistance and puncture tests 
were markedly positive The blood platelets were 155,000 

In other woids, from a clinical and from a laboratory standpoint, 
her condition must be diagnosed as purpura lather than hemophilia 

The other instance of this pecubar clinical differentiation according 
to sex IS more mteiesting, as it involves a sistei and brother 

The children weie admitted to the Hebrew Infant Asylum last spring The 
girl (Millie W ) was almost 4 years old, and the boy 1 year of age An indefi- 
nite and unsatisfactory family history was obtained Both appeared well when 
they entered the asylum Soon afterward, how'cver, both manifested signs of 
bleeding The girl bled from the nose and from the bowel and showed a pro- 
fuse hemorrhagic eruption of the skin, with large ecchymotic spots, as w^ell as 
numerous pm point hemorrhages, wdiich preponderated on the extremities The 
mucous membranes of the mouth and of the vagina, as well as the conjunctivae, 
were peppered with petechiae There was oo/ing from the tip of the tongue 
The capillary resistance test wms markedly positive, puncture of the skin 
resulted m a large , subcutaneous hemorrhage, the bleeding time was greatly 
prolonged The plasma clotted in thirteen minutes on June 25, and in twenty 
minutes on the following day, and seemed slightly hemoly/ed The platelets 
numbered 76,000 

The conditions in the boy, who was 1 year old, ivere quite different He 
gave a history of having bled for ten days following circumcision He was 
somewhat pale, although not markedly anemic looking Hemoglobin 63 per 
cent , red blood cells, 4,800,000, w'cight, 17^4 pounds The appearance of the 
hemorrhagic skin lesions was totally different from that of the girl 

There were only two subcutaneous hemorrhages, an ecchymosis over the 
knee and another over the forehead, and an absence of small petechiae The 
bleeding time was slightly prolonged, the puncture test and the capillary resist- 
ance test absolutely negative The blood platelets numbered 351,000 on one 
occasion, 400,000 on another The plasma coagulated once in twenty-one 
minutes and m thirty minutes on the following day There was no bleeding 
from the bowels Pain, and possibb^ hemorrhage, was present in the knee 
joint 

Here then are two contrasting pictures The girl with purptiia 
t>pical in all respects, corresponding m its various clinical and labora- 
tory aspects to the description which has been sketched above , the boy 
showing a quite different symptomatology, corresponding to hemo- 
philia The basis of this difference is entirely obscure, although it is 
possible to suggest attractive hypotheses Similar cases should be 
looked for in the future, and the possible bearing of sex on the mani- 
festations of other diseases, particularly blood diseases, should be 
borne in mind 

Although it IS advisable to regard true hemophilia as a clearly 
defined entity, and to sharply contrast it with purpura, both of these 
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disorders probably embrace various types of disease Recently we 
described a case® of hemopliilia which had been under observation for 
a long; period and was exceptional m having a deficiency of calcium in 


TABLE 3 — Coagulation Time or Calcipriva Case 



Coagula- 

Coagula- 


Date 

tion Time 
Plasma 

tion Time 
Blood 

Remarks 


minutes 

minutes 


1914 




April 21 

58 

29 

Control plasma clotted in eight minutes , 



capillary resistance test negative 

May 21 

16 

IVA 

Frontal hematoma, nose bleed Platelets 
487,000 

Antithrombin normal in first test, in- 





creased in this test compared with 
controls 


30 


Platelets 367,000 


i 28 


i 


28 



June 15 i 

22 


Has many “black and blue" marks 

June 25 

IS 



A.ug 19 

12 

10 

Has been bleeding from finger for some 



days The addition of calcium did 




not hasten coagulation of the blood 
The plasma clotted in optimal time in 




the tube with only two drops of 
calcium solution added 

Aug 24 

12 


Antithrombin not increased Has 



hemarthrosis of hip 

Oct 24 


15 

Blood clotted in eight minutes on ad- 




dition of Ca 



15 

Blood clotted in eight minutes on ad- 




dition of Ca , whereas control blood 
was delayed 

Nov 10 

32 

15 

Has had nose bleed twice two days ago 
Has received calcium lactate for four 

j days The addition of calcium did not 
hasten coagulation 




Nov 17 

34 


Has been leceiving calcium lactate foi 

Dec 2 

12 

7 




some weeks Calcium delayed clotting 
time when added to the blood Has 
not bled for some time Looks well 

Dec 28 

34 

12 


Dec 29 

1915 
June 26 

^8 

40 

Calcium did not hasten coagulation 

July 2 

July 9 

60 

34 

Addition of calcium made clotting time 



thirteen minutes 

Sept 8 

22 




the blood As is well known, although m the early studies of hemo- 
philia attention was directed to the calcium factor, it was shown by 


8 Hess, A F Bull Johns Hopkins Hosp , November, 1915 
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Nolf and others that calcium was present in normal amount in the 
blood, and by Morawitz and Lossen that an addition of lime salt does 
not hasten coagulation We shall not repeat the details of this case 
which, as far as we know, is unique, but have summarized some of the 
data m Tables 3 and 4, and may add that the addition of a small 

TABLE 4 — ErrncT on Clotting Time or Addition or Calcium Solution 

TO Blood 


A normal c\sc 


Clotting 

Time 

minutes 

Control 

Drops of Ca Solution Added 

1 ' 

1 

2 

1 

3 

4 

4 

+ 


+ 

+ 

+ 

5 

+ + 


+ + 

+ -!- 

+ 

6 

+ + + + 


+ + + 

+ “t" 

+ + 

7 




+ + 

+ + 

9 




+ + 

+ + 

11 




+ + 

+ + 

13 




+ + 

+ + 

IS 




- 4 - 4- -(- 

+ + 

17 


1 



+ + 


B HEMOPHILIA CALCIPRIVA 


5 


_ 

_ 


_ 

9 








11 

I 

4- 

4-4- 


— 

13 

— 

4- 

-t- 4- 

-L 

— 

17 

21 

26 

34 

4- T 4 

-f- 4- b 

1 

1 

+ + 

» 

~r 

4-4- 
r 4 4- 


C TYPICAL HEMOPHILIA 


4 


/ 




8 








— 

10 

4- 

4- -{- 

4- 

4- 4- 

4- 

14 

4- 4- 

4-4- 

-{- -r 

4-4- 

4 — }- 

4- 4- 

18 

4-4-4- 

4-4- 

+ + 

4-4- 

22 


4-4- 

4-4- 

+ + 

4-4- 

26 

30 

j 


4-4- 

4-4-4- 

4-4- 

4-4-4- 

4-4- 

4-4- 


* + + + denotes complete clotting 


amount of a weak calcium solution did hasten coagulation , that a sub- 
normal amount of calcium was found by analysis in the blood, that 
a metabolism test showed a negative balance for calcium, which became 
positive when lime was added to the diet, whereas a control metabolism 
test of a typical hemophiliac (Julius S ) was normal in all respects 
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These chemical tests were carried out by Dr Max Kahn We have 
here then an atypical hemophilia, a hemophilia calcipriva Probably 
similar cases will be found, and other instances of hemophilia differ- 
ing in one factor or another from the classical model, will be encoun- 
tered from time to time 

Purpura is far less well defined than hemophilia From a clinical 
point of view, it would seem advisable for the present to have purpura 
include all bleeders who show a deficiency of blood platelets These 
cases will manifest many or most of the signs which have been dis- 
cussed at the beginning of this paper It is realized that a grouping 
which rests on such a basis may have no unity fiom an etiologic stand- 
point and merely be tentative in natuie It fuinishes, however, that 
which does not exist at present, a definite criterion, namely platelet 
deficiency, just as retarded coagulation of the blood is regarded as the 
essential diagostic factor in hemophilia Most cases of purpura con- 
form to this standard Not all, however There are cases which can- 
not be classified because they manifest the characteristic signs of both 
purpura and hemophilia To illustrate 

Jessie K, a girl of 4 years, seen with Dr Cleaver, had large subcutaneous 
hemorrhages and bleeding from the bowel The condition could not be diag- 
nosed, there was in addition an enlarged spleen and liver and the history of 
fever some months previously The points of interest were that the platelet 
count was but 21,000, and the plasma did not clot at all on the addition of 
calcium, at least not sufficiently to allow the vial to be turned over The whole 
blood also did not clot solidly There was no excess of antithrombin, and the 
addition of calcium and of fibrinogen did not hasten coagulation in vitro 
Fibrinolysis was present 

If we exclude cases showing markedly delayed coagulation time 
from the group of purpuras, this case cannot be considered purpura, 
if at the same time we consider a deficiency of platelets as incompatible 
with hemophilia, the case must rest unclassified Although, as Howell 
states in the article referred to above, “the mam distinguishing feature 
of the hemophilic condition is the greatly delayed coagulation time of 
the blood,^' it is seen that other diseases can bring about this dis- 
turbance of clotting to the same degree 

When we turn to a consideration of the role of the blood vessels 
111 the hemorrhagic diseases, we begin to tread on still more uncertain 
ground Very little is known of this factor in hemorrhage, and yet it 
IS clear that it not only plays a part, but must play an important part 
The capillary resistance test must depend on an abnormal permeability 
oi weakness of the vessel wall, and its almost regular occurrence in 
purpura necessitates the deduction that the vessels are involved in this 
disorder In the course of our study we have encountered, from time 
to time, cases in which hemorihage occurred which seemed to be the 
result of vascular weakness This lack of stability of the vessel wall 
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would seem to be a congenital defect, if we may judge from its mani- 
festation in eaily life The following cases can best be explained on 
the basis of a weakness oi fragility of the vessel walls 

Bessie B , a child 3 years old, developed pei tussis last year at the time of an 
epidemic vhich attacked about eighty childien Slie had a moderately severe 
case Nevertheless she was the only child who developed subconjunctival 
hemorrhages These effusions showed themselves from time to time m the 
course of the disease, following a paroxjsm of coughing The coagulation time 
of the plasma was normal, platelets also normal, 324,000, capillary resistance 
test positn e, v Pirquet positive ° 

We attribute the hemoirhages m this case to the additional strain 
put on weak vessels at the time of the paroxysmal cough In a measure 
this lesults in a spontaneous or automatic capillary resistance test 
The case which we next cite is to be interpreted in the same way 

At the Willard Parkei Hospital there aie about twenty children who have 
to weal permanent intubation tubes on account of laryngeal obstruction These 
childien are frequently intubated One of this unfortunate group always devel- 
ops petechiae of the face and neck following the insertion of the tubes, which 
causes some struggling and marked venous congestion The plasma of this 
child clots in the normal tune, the platelets are not deficient This is the only 
child who manifests this phenomenon 

As is well known, many of the infectious diseases lead to a rash, 
which IS more or less hemorrhagic Scarlet fever may be cited as a 
notable example of a disease in which the exanthema is petechial A 
few petechiae are frequently present also in measles We have had 
an oppoitunity of testing numerous cases of scarlet fever by the capil- 
lary resistance test and have found it in most cases positive, becoming 
negative again during convalescence Although w'e do not care to 
agitate the interesting but highly hypothetical topic of vascular toxins, 
we may venture the opinion that these petechiae are due to a tem- 
porary lesion of the blood vessel wall The fact that the petechial rash 
IS not always in direct relation to the severity of the disease would sug- 
gest an individual susceptibility of the vessels Here again the blood 
platelets were found normal and the coagulation of the plasma not 
delayed (Table 5 ) 

The blood vessels may be abnormally weak and, as we have shown, 
yield to an undue pressure as in pertussis, they may be rendered per- 
meable as the result of the infectious disease, or a similar result may 
be brought about by nutritional disturbances This phase of the prob- 
lem was studied recently in connection with infantile scurvy and 

9 There seems to be some significance m the fact that of the seven chil- 
dren in the institution which we have been observing on account of a tendency 
to develop “black and blue” marks, four give a positive tuberculin reaction 
Their blood coagulates in normal time The ecchymoses appear especially in 
the spring, the season when tuberculous meningitis and phlyctenulae occur 
most often 
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leported on elsewheie® This investigation led to the conclusion that 
the hemorrhagic manifestations of this disorder — the subperiosteal 
bleeding, the cutaneous petechiae, the red cells m the urine — cannot 
be accounted for by disturbances of the blood itself The blood coagu- 
lates m normal or almost noimal time, there is no increase m antithrom- 
bm nor a decrease in the platelets On the other hand, the puncture 
test and the capillary resistance test are almost always positive This 
involvement of the vessel wall may not be elective, but merely part 
of the general tissue change in this disorder We have incorporated 


TABLE 5 — Coagulation Tlsts of Plasma 


Type of Case 

Drops 'of 
Calcium 
Chlorid 

(0 5 Per Cent ) 

Coag Time 
(5 Drops of 
Oxalated 
Plasma) 
minutes 

Infantile scurvy 

1 

12 


2 

10 


3 

9 

1 

4 

9 


5 

9 

Child showing frequent “black and blue” marks 

1 

6 


2 

6 


3 

6 


4 

6 


5 

8 

Hemorrhagic measles 

1 

9 

7 

f. 


3 

6 


4 

6 


5 

6 

Noimal 

1 

7 


2 

6 


3 

6 


4 r 

6 


5 

7 


in a table (Table 5) coagulation tests of a case of infantile scurvy, 
of hemorrhagic measles, and of plasma from a child with a tendency to 
nose bleed and ecchymoses It will be noted that the plasma coagulated 
in normal time, that of the scurvy case being slightly delayed 

From time to time in the course of this paper, tests for antithrombm 
have been referred to It will be well, therefore, before concluding, 
to say a word about this substance and its estimation Some years ago, 
Weil, of Lyons, who was the first to venture to carry out venepunc- 
ture in hemophilia, suggested that the retarded coagulability in this 
disorder was due to an excess of antithrombm Since then it has 
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been demonstiated, however, that such is not the case The tests in 
Table 6, which show the effect of the addition of normal and of 
hemophiliac antithrombin to normal blood, are a convincing illustra- 
tion of this fact It will be noted in this table that a specimen of blood 
which clotted m five minutes, acquired a coagulation time of twenty- 
one minutes when one drop of antithrombin was added, irrespective 
of whether the antithrombin was from a noimal person or from a case 
of hemophilia This was likewise true in another specimen of normal 
blood (Dr B which was similarly tested Foi tests of plasma anti- 
thrombin the method of Howell was employed, which consists of ren- 
dering inactive the prothrombin in plasma by means of a degree of heat 
which at the same time will not destroy the antithrombin A fibnnogin 
solution is added to this heated and filtered plasma, and then the numbei 


TABLE 6 — Errccr or Adding Antithrombin or Normal and Hrmophilic 

Individuals to Normal Blood 


Substance Added to Blood 

Normal Blood 
I (Dr B) 
Coagulation 
Time 

(10 Drops) 
minutes 

Normal Blood 
II (Dr R) 

1 Coagulation 
Time 

(10 Drops) 
minutes 

One drop Ca (0 5 per cent ) 

5 

10 

evo 

Two drops fibrinogen 

10 

7 

One drop noimal antithrombin 

21 

30 

Two drops noimal antithrombin 

i 


One drop hemophxhc antithrombin 

21 

30 

Two drops hemophihc antithrombin i 

4 

+ 


■' No clot 


of drops of thrombin is determined which it is necessary to add to 
bring rapid coagulation A test of this kind is shown in Table 7 We 
see a comparison of the blood of a child with a “bleeding tendency,” 
of a normal individual, and of the atypical hemophilia (calcipriva) 
mentioned above This test shows that the absolute amount of anti- 
thrombin m this case of hemophilia was at times in excess It varied 
considerably from time to time, suggesting that there may be a peculiar 
interrelationship between calcium and antithrombin In addition to 
the Howell test, we made use of an antithrombin test described by 
me,’^^ which has the advantage of being ’ simple, as normal plasma is 
employed instead of solutions of fibrinogen and of thrombin 

10 This table also shows that the addition of a solution of calcium or of 
fibrinogen retards rather than hastens the coagulation of normal blood 

11 Hess, A F Jour Exper Med , 1915, xxi, 338 
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CONCLUSIONS 

The mam points in the preceding article may be summarized as 
follows The coagulation time of the plasma in hemophilia at times 
may become normal without the occurrence of hemorrhage or other 
apparent change in the condition of the patient 

The estimation of the number of blood platelets is of great 
value, as has been found by others, in differentiating between purpura 
and hemophilia In some cases of purpura, the platelets are abnormal 
and may be differentiated, like other macrocytes and microcytes of 
the blood, into macro platelets and microplatelets 


TABLE 7 — Antithrombin Tests of Plasma 


Type of Case 

Thrombin 
in Drops 

Coagulation 

Time 

minutes 

Hemorrhagic tendency 

1 

6 


2 

4 


3 

4 


4 

2 

Normal 

1 

18 


2 

6 


3 

4 


4 

2 

Hemophilia calcipriva 

1 

2 

66 

16 


3 

7 


4 

5 


The puncture test — the reaction following subcutaneous puncture 
of the skin — is an aid to diagnosis In hemophilia a hemorrhagic area 
rarely results from this procedure , in purpura it is the rule 

The capillary resistance test is also of value By this is understood 
the reaction following the application for a definite period of a tourni- 
quet to the upper arm In purpura, this results in petechial hemor- 
rhages on the forearm , in hemophilia the effect is negative 

There is an hereditary purpura as well as hereditary hemophilia 
This type of purpura should be more generally recognized, so that 
these cases will not, on account of their hereditary history, continue 
to be regarded as hemophilia 

The male membei of a family may be a bleeder of the hemophiliac 
type and the female of the puipunc type Two families are described 
in which one member suffered from hemophilia and another from 
purpura 
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Hemophilia may be atypical A case is reported which showed a 
calcium deficiency, as borne out by various chemical and clinical tests 
(hemophilia calcipriva) 

In some cases manifesting hemoirhage, the vessels seem to be 
involved This weakness is encountered in children and may be 
congenital, it may appear m the course of an infectious disease, or 
of a nutritional disorder, such as infantile scurvy 

In the classical case the difterentiation between hemophilia anc 
purpura is simple The picture of a typical hemophiliac is a male, 
with a hereditary history of bleeding, whose blood manifests a definite 
delay in coagulation time, whose platelets are normal in number, 
“bleeding-time” not increased, who shows no hemorrhagic reaction fol- 
lowing subcutaneous puncture of the skin, and a negative capillary resis- 
tance test A typical case of purpura is found to be quite different the 
patient may be a male or a female, the plasma coagulates m almost 
normal time and the number of blood platelets is decreased (frequentl)’ 
below 100,000 in number), there is definite subcutaneous hemorrhage 
following puncture of the skin, an increase of the bleeding time, and 
the development of a large number of petechial hemorrhages following 
the application of a tourniquet 

16 West Eighty-Sixth Street 



EVENTRATION OF THE DIAPHRAGM 

WITH REPORT OF A CASE OF RIGHT-SIDED EVENTRATION ' 

STANHOPE BAYNE-JONES, MD 

BALTIMORn, MD 

Among the lesions of the diaphragm, none has passed into the 
literature under more synonyms than the condition commonly called 
“eventration^^ Since 1849, when Cruveilhier introduced his concep- 
tion of the disease under this term, the names “dilatation,” “relaxa- 
tion” (Wieting), “insufficiency” (Franck), “high position,” “elevation” 
(Griffin), have been used to designate a pathological state of the 
diaphragm, characterized by a general expansion of one half of the 
organ, allowing the abdominal viscera to be displaced upward into the 
thoracic cavity The diaphragm is greatly thinned as well as distended, 
but its three layers remain intact, and there is no solution of its con- 
tinuity In this essential respect, the condition is different from hernia 
of the diaphragm, which, whether true or false, depending on the 
presence or absence of a hernial sac, consists of a localized opening 
111 the sheet of the diaphragm, through which the abdominal viscera 
pass into the thoracic cavity All of the terms mentioned are partially 
descriptive, though none is satisfactory While the commonest of 
them, “eventration,” is a gross misnomer, since it suggests the displace- 
ment of the viscera out of the abdomen, it has received by custom a 
connotation which is specific for this condition of the diaphragm The 
other terms are so ambiguous that if any one of them were accepted, 
i1 would yet have to acquire a long usage to gam the special meaning 
• needed m this connection As its multiplicity of names suggests, even- 
tration IS one of the rare lesions of the diaphragm The latest 
statistics of its frequency as compared with other types of hernia of 
the diaphragm, published by Eppinger in 1911, show the following 
incidence 


TABLE 1 — Frbquency or Hfrnia and Eventration 

Type of Diaphragmatic Hernia Right Side Left Side 

Hernia vera 21 53 

Hernia spuria 34 527 

Eventratio 2 15 

Total cases of hernia, 635 Total cases of eventration, 17 Ratio of even- 
tration to hernia, 1 to 37 


Submitted for publication Oct 11, 1915 

From the Medical Clinic of The Johns Hopkins Hospital 
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Since the compilation of these figuies, many cases of heima have 
been reported, and the number of cases of eventration has risen to 
forty-five But the relative incidence of these lesions has probably 
remained so constant that this proportion is still a fair index of the 
rarity of the condition This table is further interesting in showing 
tlie relative infrequency of hernia and eventration of the right side of 
the diaphragm The case to be reported in this paper is thus seen 
to be the third example of right-sided eventration 

Thirty-one cases of eventration of the diaphragm were collected 
and summarized by Bergmann in 1913 A review of the literature, 
however, reveals several reports omitted by him and, in addition, 
several published since his article The following is a tabulation of 
forty-five case-reports — forty-four gathered from the literature and 
one new case, reported in this paper 

REPORT OF CASE 

Diagnosis — Eventiation of the right side of the diaphragm Congenital 
malfoimation of the mesenteiy, with mesenteric henna Chronic intestinal 
obstniction 

Histoiy — J B, a white male, aged 52, was admitted to the Medical Clinic 
of The Johns Hopkins Hospital, November 16, 1914 General No 99055 Com- 
plaint, “Pam in the upper right side of the stomach ” 

The patient came from healthy stock and was the father of five normal 
children In general his health had been robust, except for typhoid fever, 
complicated by pneumonia, when he was 19 years old, he had not been incapaci- 
tated by any acute infectious disease In his occupation as a sailor, chiefly 
around harbors, he had led an active life He was not addicted to the use 
of alcohol or tobacco 

Throughout his life a “sensitiveness of the stomach” had necessitated a 
moderate degree of care m the selection of his diet In 1909, five years ago, 
he began to have “indigestion,” associated with constipation and pains in the 
upper right quadrant of the abdomen This pain was “knife-like,” extending 
from the midline to the axilla, aboVe the umbilicus and below the costal margin 
The pain could be relieved by pressure on that side of the abdomen The pain 
recurred at irregular intervals, and sometimes was accompanied by nausea and 
vomiting He was never jaundiced and did not have tarry stools He had not 
been dyspneic Lately the pain has recurred more frequently and has radiated 
into the right shoulder This has incapacitated the patient, and he has lost 17 
pounds in the past five months 

Physical Examination — ^The patient, a large-framed, well nourished man, 
IS neither dyspneic, cyanotic, nor jaundiced The general examination is 
unimportant, except as regards the thorax and abdomen 

Thorax The thorax is deep, with a wide costal angle Both sides expand 
equally , by measurement, the right from 45 to 47 cm , the left from 45 to 46 cm 
On the left side there are no abnormal signs On the right side, vocal fremitus 
is not palpable in the axilla The percussion note at three successive levels 
changes from resonance to flatness and to tympany The note is resonant over 
the upper right front and back At the third rib it becomes dull, and below 
this It IS flat to the level of the fifth rib From the fifth nb downward the 
note has a dull tympanitic quality, until the full abdominal tympany is reached 
At the base posteriorly the lower border of pulmonary resonance is 10 cm 
higher on the right than on the left, and only slight descent of this is percepti- 
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ble on the right A tympanitic area occupies the usually dull region of the 
lower ribs in the back Litten’s sign is absent in the right axilla On ausculta- 
tion, enfeebled breath sounds aie heard over the uppei portions of the right 
lung These sounds gradually dimmish until below the level of the fourth rib 
the sounds of breathing and of voice are inaudible There is no egophony 

Abdomen The abdomen is not distended, but on the righf side the muscles 
are resistant Varying irregular masses are palpable in the right upper quad- 
rant, m a region which is painful when pressed on The edge of the liver can- 
not be felt, and the area of hepatic dulness seems to end at the level of the 
fifth nb In the region of the lower ribs behind, the percussion note is tym- 
panitic, as It IS over the front of the right upper quadrant On the left side 
theie IS a small inguinal hernia Inflation of the colon, by pumping air into 
the rectum, causes the abdomen to become distended, while the level of tympany 
on the right side is advanced upward an interspace This distention causes 
pain like the distress which characterizes the patient’s illness 

Results of Special Examinations — Gastric Analysis Free HCl, 34, total 
acidity, 72 

Feces normal Urine normal 

Wassermann reaction negative R B C, 4,792,000, Hb, 72 per cent , 
W B C, 7,440 Widal test negative Conjunctival tuberculin test, 5 per cent, 
slightly positive 

Heart The heart is not enlarged or displaced The electrocardiogram 
(Film H-09) shows “normal rhythm, with no abnormal complexes Conduc- 
tion time 0 18 second There is a progressive decrease m the size of the R-wave 
Normal electrocardiogram ” 

As the result of these examinations. Dr Janeway excluded thickened pleura, 
which among other conditions had been considered the likely explanation of 
the abnormal physical signs over the right side of the chest, and made the 
diagnosis of eventration of the right side of the diaphragm This conception 
was strengthened by the following radiographic studies, and when confirmed at 
subsequent operation, proved to be the first instance of the intia vitain diag- 
nosis of this condition 

Roentgenologic Findings (Dr Baetjer and Dr Waters) 

Thorax (Plate 26278 Fig 1) The lung shadows are normal The dome 
of the right diaphragm is very high, reaching approximately the level of the 
third rib in front It is normal in shape 

The fluoroscopic examination shows on the right side a high diaphragm, 
which IS normal in shape On deep respiration the movement of this side is 
paradoxical, it moves upward during inspiration and downward during expira- 
tion The left side of the diaphragm moves freely in long sweeps downward 
during inspiration The heart appears to be normally placed The stomach is 
in a high position with its pylorus under the right costal margin The colon, 
filled with bismuth, shows double and complicated kinking on the right side 

Large Intestine (Plate 26196 Fig 2) This shows the descending colon 
and the splenic flexure in their normal situations The transverse colon is 
prolapsed, and in the right upper quadrant it is looped and doubled on itself 
On the right side of the plate there is no shadow to indicate the position of 
the ascending colon 

These evidences of abdominal disease confirmed the impression that a chronic 
inflammatory condition, possibly cholecystitis, was present in the right upper 
quadrant Because of this, an exploratory laparotomy was performed by Dr 
J M T Finney, Dec 4, 1914 The following is the summary of the note of 
operation (see Fig 3) 

Neither the liver noi the gallbladder is visible through the light rectus 
incision The gallbladder is found roughly a hand’s breadth above the costal 
margin, at the level of the sixth nb It is normal The liver, slanting down- 
ward and to the left, looks normal, but is situated high up under the ribs 
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Case 

No 

Tear 

Author 

Se\» 

Ago 

Side 

AlTcctcd 

Chief Clinical Findings 

1 

1784 

Pjl 

cT 

1 

' 1 dn 

Left 

Death soon after birth Cyanosis 

2 I 

1700 

Petit 

cf 

ncl 

Left 

“Asthma, after eating” 

8 

1819 

Meckel 

cf 

let 

Left 


4 

1829 

Lacnnec 

cf 

nd 

Left 


5 

1837 

Prorlep 

$ 

19 

Left 

Dyspnea and digcstiyc disorders for 14 yer 

C 

1852 

La^\rence 

d 

1 33 

f 

Left 

Practically no symptoms 

7 

1867 

Marsh 


1 33 

Left 

Ko history 

8 

1882 

Thom a 

cT 

75 

Left 

No history 

9 

1894 

Tennant 

cT 

60 

j Left 

No history 

10 

1900 

Orispfno 

9 

55 

1 Left 

Gastro intestinal disorders Fractured an 

11 

1901 

Struppler 

<f 

26 

' Left 

1 

Lifelong cough Dyspnea after trauma P 
cal signs of hernia Roentgen ray sign 
eventration 

12 

1901 

Neisser 

d 

42 

< Left 

1 

Bronchiectasis Signs of intestines in 
eliest Roentgen ray of eventration 

13 

1902 

Doerine 

d 

60 

Left 

Dyspnea many years Signs of hernia 

14 

1902 

1903 

Pracnkel 

Glaser 

d 

49 

Left 

Dyspnea and hemoptysis several years E 
of hernia by phys exam and Roentgen 

15 

1905 

Hildebranfi and 
Hess 

d 

39 

1 Left 

Incarceration symptoms for many y 
Famous case of “Sch ’’ 

16 

1905 

Sailer and Rhein 

d 

20 

Left 

Signs of subdiaphragmatlc gas abscess 

17 

1900 

'Wietlne: 

d 

50 

Right 

Symptoms of gallstones Operation 

18 

1907 

Kienbock 

d 

54 

Left 

Trauma to right side years previously S 
of hernia Roentgen ray of eventration 

19 

1907 

Herz 

d 

30 

Left 

Cough, Typical signs of eventration 

20 

1908 

Arnsperger 

9 

20 

Left 

No symptoms All signs of eventration 

21 

1909 

Konlger 

9 

27 

Left 

Dyspnea and pain several years The u 
signs of eventration 

22 

1910 

Otten and Schef 
old 

d 

08 

Left 

Paradoxical dysphagia Usual signs 

23 

1910 

Beltz 

d 

70 

Left 

Dyspnea, pain in left side, gastric disorc 
Typical findings 

24 

1910 

Beltz 

9 

34 

Left 

No history 

25 

1911 

Scholz 

d 

1 

Left 

Slight dyspnea and indigestion 

26 

1911 

Bppinger 

cT 

35 

Right 

Typical signs of eventration Case not 
in life 

27 

1911 

Pranek 

d 

73 

Left 

Right hemiplegia 12 years Chronic const 
tion Typical eventration 

2S 

■1911 

Appel 

d 

00 

Left 

Dyspnea 2 years Typical eventration 

29 

1911 

Becker 

d 

25 

Left 

Lifelong gastric discomfort Tvpical 

30 

1912 

Scheidemandel 

d 

21 

Left 

Pain between shoulders Usual signs 

31 

1912 

Scheidemandel 

d 

65 

Left 

Cough 36 years Typical signs 

32 

1912 

Malkow 

d 

45 

Left 

Typical signs, according to Bergmann 

33 

1913 

Bergmann 

d 

60 

Left 

Gradual onset of dyspnea Typical 

34 

1913 

Kayser 

9 

28 

Left 

No symptoms Tyjiical findings 

35 

1913 

Haase 

child 

3 mos 

Left 

Cough and dyspnea Typical findings 

36 

1913 

Reuss 

d 

46 

Left 

Injured left side Typical findings 

37 

1913 

Baetge 

d 

64 

Left 

Dyspnea and palpitation many years Typi 
signs of eventration 

38 

1913 

Baetge 

d 

28 

Left 

Gastro intestinal disorders Typical eventrat 

39 

1913 

Baetge 

d 

41 

Left 

Dyspnea and stomach trouble since childho 
Typical signs 

40 

1913 

Motzfeldt 

9 

41 

Left 

Practically same as Case 89 

41 

1913 

Krause 

d 

42 

Left 

Gastric disorders Typical signs 

42 

1913 
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The hand passed over the dome of the liver touches the third rib in front, and 
by slight pressure the second interspace can be reached The diaphragm is 
thin, but otherwise normal It can be felt to cover the liver smoothly, and 
has no localized bulging oi solution of continuity 

The stomach is normal, but has its pyloric end high under the right costal 
margin The transverse colon is redundant and together with a loop of small 
intestine passes through a hernia in the root of the mesentery In this anomal- 
ous formation of the mesentery there are large dilated veins and an aberrant 
artery The cecum is high under the costal margin on the right side 

From these notes and from a sketch made at the operation, Mr Brodel 
elaborated the drawing reproduced as Figure 3 This shows clearly the anatomi- 
cal relationships of the high diaphragm and the displaced viscera, and at a 
glance, offers the explanation of both the gastro-mtestinal symptoms and also 
the physical signs over the chest and abdomen 

The patient progressed well for ten days after the opeiation, when suddenly 
he became dyspneic, spat blood, and died after a few minutes, with symptoms 
of pulmonary embolism As a necropsy was not permitted, no further exami- 
nation of the diaphragm was possible 

DIFFERENTIAL DIAGNOSIS 

Previous discussions of the differential diagnosis between eventra- 
tion and conditions presenting similar signs have been limited to the 
consideration of left-sided lesions The case just described directs 
emphasis on the diseases of the right thoracico-abdominal section of the 
body At the same time, howevei, completeness and clarity require 
a review of the findings in the left-sided cases 

In the case described herein, the abdominal symptoms were the 
urgent cause of the patient’s coming to the hospital The inteimittent 
periods of pain in the right upper quadrant, associated with vomiting 
and fever, made it seem likely that there was some chronic inflamma- 
tory disease in that region Among the diagnoses considered were 
duodenal ulcer, with perforation and a localized gas abscess beneath 
the right lobe of the liver, kinking of the transverse colon, producing 
intestinal obstruction, and cholecystitis This last diagnosis was con- 
sidered the most probable, and was the point determining the operation 
on the patient The mesenteric hernia, found at operation, must have 
produced frequent mild incarcerations of the intestines passing through 
it This explanation is sufficient to permit the dismissal here of this 
phase of the subject 

In the absence of signs of fluid, thickened pleura over the lowei 
part of the right chest was thought at first to be the cause of the 
dulness on percussion, the diminution of the breath- and voice-sounds, 
the absence of fremitus and of Litten’s sign in the right axilla How- 
ever, the exact location of the flatness and of the complete loss of 
vocal sounds over a region from the third to the fifth ribs, lying 
between normal lung resonance above and a curious area of tympany 
below, made it seem more likely that this region was occupied by the 
liver Inflation of the colon displaced this area of dulness upward 



STANHOPE BAYN E-JONES 


227 


and increased the tympanitic region below, as would occur with a 
scmimovable organ like the liver lying in the relaxed and elevated 
dome of the diaphragm, but which would not occur m thickened pleura 
The most closely allied condition, which would give some of these 
signs, IS heinia of the right side of the diaphragm Of this lesion, 
tor comparison, we have only one case — perhaps the only case diag- 
nosed during the life of the patient — namely, that reported by Dietlen 
and Ehnerim In their case, the stomach and some coils of intestine 
passing through the diaphragm into the thoracic cavity, lay above the 
liver Here, the area of tympany across the chest, lay between normal 
lung resonance and the area of hepatic dulness Changes in the posi- 
tion of the patient and the ingestion of fluids and gases somewhat 
modified the sounds elicited by percussion and auscultation over the 
tympanitic area, giving almost the reverse order of the two lower 
strata of physical signs noted in our case of eventration of the 
diaphragm 

In our case, the radiographic and fluoroscopic examinations con- 
firmed the clinical impression of eventration of the diaphragm The 
left side appeared to be normal, while the right showed a smooth 
shadow arching upward across the thorax to the level of the third rib 
TFig 1) Above this shadow, normal pulmonary shadows were visi- 
ble, while below it, the stomach and intestines, when filled with bis- 
muth, could be cleaily seen This contrasts sharply with the roent- 
genograms in hernia of the right side of the diaphragm In Dietlen’s 
and Kneirim’s case, a bright area was seen between the lung shadows 
and the black hepatic region When bismuth paste was administered, 
the peristaltic shadows of the stomach and small intestine obliterated 
this bright idea (Fig 4) The movement of the diaphragm in these two 
cases is so contradictory that it indicates the doubtful value of this sign 
in the differentiation of eventration from hernia of either the right or 
the left side of the diaphragm In 1898, Kienbock observed para- 
doxical movement of the diaphragm by the fluoroscopic screen This 
form of motion is characterized by inspiratory elevation and expira- 
tory descent of the affected side of the diaphragm Though it is found 
in numerous conditions, such as pleurisy with effusion, and pyopneu- 
mothorax, it was observed in a case of heinia of the left side of the 
diaphragm, and seized on as one of the definite radioscopic signs of 
this condition In our case of eventration, the movement of the thin 
distended side of the diaphragm was paradoxical in character, while 
in the case of hernia, the movement of the upper borders of the 
diaphragmatic shadows was normal, descending with inspiration and 
rising with expiration Before this, however, Lotze’s case had proved 
that the differential diagnosis between hernia and eventration cannot 
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be made with absolute certainty by means of the Roentgen ray He 
described what seemed to be a typical example of eventration of the 
left side of the diaphragm, in which the respiratory excursions of the 
diaphragm were normal, though diminished Several years later, 
when Risel performed the autopsy on this patient, he found an old 
hernia of the left side of the diaphragm, with the rest of the organ 
jjractically noimal 

A most decisive differential fact may be gained from the study of 
the mtragastnc pressure, according to the method of Mare}^ and 



Fig 1 (Roentgen-Ray Plate 26278) — ^Thorax showing the dome of the left 
diaphragm, normal in outline, arching to the level of the third nb m front 
Above this are normal lung shadows, and below the hepatic shadow is a bright 
area occupied by the intestines displaced upward On the left the heart and 
diaphragm are in normal position 

Schlippe By the application of this method, Hildebrand and Hess 
correctly diagnosed as eventration of the left side of the diaphragm, 
the famous case of “Sch ,” which, for a period of twelve years, was 
studied in many clinics as an example of hernia By suitable instru- 
ments, a record is made of the respiratory phases of the pressure 
within the stomach, to determine whether the organ is situated within 
the abdominal or thoracic cavity If the stomach is in its usual place, 
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the piessiiie within it rises during inspiration and falls duiing expira- 
tion, synchronously with the intra-abdominal pressure If, however, 
the stomach lies in the thoiacic cavity, the curves aie reveised, the 
pressuie falls during inspiration and rises during expiration, synchron- 
ously with the changes in the intrathoracic pressure This investiga- 
tion was not made in our case, but Dietlen and Knieiim found that 



Fig 2 (Roentgen-Ray Plate 26196) — Bismuth in the large intestine This 
shows the prolapse and kinking of the transverse colon in the upper right 
quadrant, with absence of shadow of the ascending colon on the right side 


the mtragastric pressure varied according to the intrathoracic formula 
in their case of hernia 

When, in Table 2, it is stated that a case exhibited typical physical 
the following are implied A normally formed thorax, with somewhat 
and radiographic signs of eventration of the left side of the diaphragm, 
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diminished expansion on the left side, normal physical signs on the 
right side, except for the usual evidence of displacement of the heart 
to that side , normal pulmonary resonance and vesicular breath-sounds 
over the upper half of the left side, but below the level of the fourth 
rib, in front and behind, a tympanitic note, absence of voice and 
breath-sounds, absence of vocal fremitus, and absence of Litten’s sign 
in the left axilla, in place of respiratory murmur, splashing and 
metallic sounds elicitable over the lower left chest, with gieat varia- 
tion in these according to the degree of fulness of the stomach These 
physical signs may be given wholly or in part by (1) hydropneumo- 
thorax or pyopneumothorax, (2) subphremc gas abscess, (3) large 
cavity in the lower lobe of the left lung, (4) paialysis of the dia- 
phragm, and (5) hernia of the diaphragm The differentiation by 
simple physical examination between these conditions is almost impos- 
sible Many of the cases of eventration have been explored with the 
aspirating needle under the supposition of pyopneumothorax (Sailer 
and Rhein) While the signs here may be similar, the history and 
general condition of the patient with eventration are different from 
those features of the other diseases In eventration, there is not likely 
to be the sudden onset, great dyspnea and fever that characterizes 
pyopneumothorax In subphremc gas abscess, such as occurs with a 
walled-off perforation of an ulcei of the stomach, Litten’s sign may be 
still visible in the axilla, while the general condition indicates an acute 
septic state rarely present in eventration But m these states, as in 
hernia, the greatest assistance in diagnosis is derived from investiga- 
tion by the Roentgen ray 

These differential radiologic findings have been summed up by 
Becker in a beautifully illustrated paper, as follows 

In both hernia and eventration a delicate bow-shaped line may be seen 
arching upward across the left side of the chest In henna, the contour of 
this line IS irregular, partly distinct, partly blurred , it usually shows a paradoxi- 
cal respiratory movement, when the stomach and intestines are filled with bis- 
muth, extreme derangement of the line is caused by the new shadows, and 
when the stomach is inflated with CO2 the line shows practically unlimited 
extension upward, along with obvious displacement of the stomach, and the 
lung shadows can be seen through the bright area of the inflated stomach In 
eventiation, the contour of the line is that of a smooth, sharply defined bow- 
shaped shadow, with a bright area below and lung-shadows above, the move- 
ment IS usually normal but diminished , when the stomach and intestines are 
filled with bismuth, the new shadows take a restricted dome-like position, and 
when the stomach is inflated there is only a smooth distention, limited by the 
bow-shaped line, while the lung shadows remain entirely above this line and 
are not visible through the “stomach-bubble” 

While all of these facts together may make the diagnosis almost 
positive, none is pathognomonic The diagnosis rests on the phenomena 
exhibited by the patient as a whole 
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The tendency is to exclude paialysis of the diaphragm, with con- 
sequent loss of tone and high position, fiom the category of eventra- 
tion These cases are usually fatal or improve before the typical 
clinical and anatomical pictuie of eventration is pioduced Important 
in this connection is the study of the electrical condition of the phrenic 
nerves by Jamin’s method of faradization of the phremcs in the neck 
During the stimulation of the nerve, movements of the diaphragm may 
be obseived by fluoroscopy By this means, the presence or absence of 
degeneiation of the neiwe can be detennined, and also an estimate of 
the muscular condition of the diaphragm can be made These, how- 
ever, are the limits of the conclusions to be drawn from such observa- 
tions, and the method cannot be used to diffeientiate definitely between 
hernia and eventration 



Fig 4 — Schematic copy of roentgenogram published by Dietlen and Knienm 
to illustrate Roentgen-ray findings in hernia of the right side of the diaphragm 
Here the clear stomach region lies between shadows of the lung above and the 
liver below In eventration of the right diaphragm the liver shadow lies between 
the lung shadow and a bright area due to distended colon in the lower left 
chest 

PATHOLOGICAL ANATOMY 

The pathological anatomy of the diaphragm has been studied at 
necropsy or operation in twenty-two cases of eventration In all 
instances, whether the affection has occurred on the right or the left 
side, the diaphragm has been found to be a thin, translucent membrane 
The peritoneal and pleural reflections have covered the sides of the 
diseased organs smoothly and uniformly Between these membranes 
there has always been found a layer of fibrous tissue, which in some 
cases contained a few strands of muscle tissue and in others consisted 
of only a “thin aponeurotic sheet ” In the case reported by Doering 
there was a fringe of normal muscle around the parietal attachments 
of the diaphragm, disappearing as the dome was reached In Benda’s 
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case the affected half of the diaphragm was distinguished by its opaque 
whitish color from the red, muscular aspect of the healthy side Benda 
found that the strands of muscle fibers were replaced by parallel bands 
of fat cells, and he termed the process “lipomatous pseudohypertro- 
phy,” correlating it with one of the forms of myogenic muscular atro- 
phy The pathological anatomy of structures closely related to the 
d-aphragm is variable The phienic nerves have been examined in 
a number of cases of eventration As in Benda’s study, they have 
been found to be reduced in size in compaiison with the nerve of the 
healthy side, but have been composed of normal fibers, with no great 
evidence of degeneration in the neive trunk or its nuclei The pleura, 
peritoneum and blood supply of the diaphragm have not shown any 
abnormalities, and the attachments of the diaphragm have been nor- 
mal The lungs and abdominal viscera, however, have exhibited 
various developmental anomalies, which will be considered when the 
etiology of the condition is discussed A significant fact, revealed 
at autopsy, is that while the diaphragm may be ballooned upward by 
the abdominal organs, the lungs are not compressed The heart and 
mediastinum may be displaced to the right, or left In fact, displace- 
ment of the heart to the right, simulating dextrocardia, is the invariable 
accompaniment of eventration of the left side of the diaphragm 

ETIOLOGY 

When Cruveilhier established the category of eventration of the 
diaphragm, he regarded the condition as an acquired lesion Thoma, 
on the other hand, published the hypothesis that the condition is a con- 
genital anomaly of development Since then, evidence in favor of 
each opinion has been adduced, but the majority of the authors, as 
shown in Table 2, have supported the hypothesis of the congenital 
origin 

In favor of the acquired nature of the disease, cases have been 
cited in which the condition has been apparently secondary to (1) 
pressure differences on the two sides of the diaphragm, (2) disease 
of the muscle, and (3) disease of the nerves All of these may follow 
trauma, but each class embraces several specific diseases It has been 
demonstrated that elevation of the dome of the diaphragm follows 
increased abdominal pressure The chief states producing this are 
pregnancy, ascites, and chronic gastro-mtestmal distention, such as 
meteorism and Hirschsprung’s disease If this factor of increased 
pressure in the abdomen bore an important etiological relationship to 
eventration, the frequency of pregnancy in general — and sometimes 
in the individual — should find a counterpart in a large number of 
women suffering from eventration of the diaphragm Table 2, how- 
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ever, shows a surprising minimum of females among those presenting 
this affection Among the other dynamic intra-abdominal causes of 
eventration, great importance has been attached by Hoffmann to 
chronic gaseous distention of the intestines in his hypothesis that 
‘'chi onische Magenblase^^ produces at least "rudimentary eventration ” 
His conception is that pressui e on the diaphi agm produces circulatory 
disturbances which lead to "loss of elasticity,” degeneration of the 
muscle, and stretching of the organ While it is conceded that "high 
position” may be produced in this way, it is doubtful whether the con- 
dition found in eventration actually results from this process A 
strongly unfavorable criticism of this hypothesis is that bulging of the 
abdominal wall and ptosis of the viscera are the most common sequels 
of increased abdominal pressure, while in eventration, the tonus of the 
abdominal wall is at least normal From the pulmonary side, retract- 
ing pleural adhesions may drag the dome of the diaphragm upward 
Thoma describes a case in which this occurred, but he uses it as a con- 
tiast to true eventration, from which category he eliminates it along 
with similar cases of mechanical “hochstandF of the diaphragm 

The question of the etiological significance of disease of the muscle 
and nerves in eventration of the diaphragm is more difficult to settle 
II is well known that in progressive muscular atrophy, the diaphragm 
becomes so degenerated and weakened that its loss of function may 
be the cause of death But here, while the state of the diaphragm may 
resemble that seen in some cases of eventration, its evident part in a 
general disease differentiates it from the localized diaphragmatic lesion 
of eventration In Benda’s case, for example, although there was a 
“lipomatous pseudohypertrophy” of the atrophied muscle, there was 
no accompanying nerve lesion Peripheral neuritis of the phrenic 
nerve, after diphtheria and other infectious diseases, and in toxic 
states like alcoholism and beriberi, has produced relaxation of the 
diaphragm and consequent high position In practically all of these 
cases, however, the normal tone and position of the diaphragm has 
been regained when the nerve lesion improved (Behrenroth), or if 
death has occurred, the diaphragm has not shown the flaccid fibrosu 
characteristic of eventration 

The criteria of the congenital origin of eventration, as noted by 
Thoma in 1882, have gamed validity from the studies of subsequent 
investigators These points are chiefly (1) the coincidence of the 
frequency of eventration of the left side of the diaphragm with the 
complexity of the development of that side of the organ, (2) the 
occurrence of eventration in the fetus and the new-born, (3) its 
association with other congenital anomalies of the body, and (4) the 
usual absence of symptoms over long periods of time Detailed 
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1 ecapitulation of the embryology of the diaphragm would be more con- 
fusing than useful here, where all that need be emphasized is that the 
left side of the organ develops from a number of sources and is not 
entirely formed until some time after the completion of the relatively 
simple development of the right side On the right, the liver, growing 
m the septum transversum, which early separates the pleural and 
peritoneal cavities on that side, seems to guard the right side of the 
diaphragm from developmental disturbances The left side, however, 
grows in close association with the left lobe of the liver, the stomach 
and spleen, the pericardial formation, one of the pulmonary ridges, 
and the pleuroperitoneal membrane In addition, the posterior portion 
of the left side of the diaphragm is the last to close This undoubtedly 
accounts for the great predominance of congenital hernia of the left 
side of the diaphragm By analogy, the great relative frequency of 
eventration of the left side suggests not only that this condition is 
associated with the developmental intricacy of that side, but also that 
it IS a congenital abnormality The finding of eventration m either 
fetuses or young children in four of the forty-five cases of the disease 
IS good evidence in favor of its congenital origin (see Cases 1, 3, 
25, 35 in Table 2) In nine cases (Cases 8, 10, 12, 13, 15, 16, 40, 45, 
Table 2), other abnormalities of the lungs or abdominal viscera were 
present These were abnormally lobulated lungs, “stunted lungs,” 
congenital hernias, and true dextrocardia In the case described in 
this paper, the deformity of the mesentery and the position of the 
cecum under the right costal margin were clearly congenital abnormali- 
ties This coincidence of rare anomalies suggests a common etiological 
relationship, namely, that eventration also is a congenital dystrophy 
In connection with recent studies of body growth, Byloff has published 
papers on the thesis of high position of the diaphragm as a stigma 
ot degeneration He found moderate high position in a number of 
individuals who showed defective development of various organs and 
parts of the body None of Byloff’s examples is a case of eventration, 
but his work is capable of interpretation m favor of the congenital 
oiigin of this affection 

It has been noted, in the discussion of the pathological anatomy of 
eventration, that the lung lying above the distended diaphragm has not 
been compressed, although its thoracic chamber has been always greatly 
reduced This uniform absence of compression of the contiguous 
lung IS to be emphasized here as one of the strongest arguments in 
favor of the congenital origin of eventration of the diaphragm 

PROGNOSIS 

It is probable that if the degree of eventration be extreme in the 
new-born, this condition is incompatible with life After the first 
year, however, the disease is rarely a cause of death While the 
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greatest numbei of cases have been found in individuals between the 
ages of 20 and 50 yeais, instances have been observed in patients in 
the eighth decade of life Cardiorespiratoi y diseases have not been 
unusually fiequent in those suffering with eventration of the 
diaphragm, but gastro-intestinal symptoms have been the most dis- 
tiessmg feature The danger of mcaiceration of the displaced abdom- 
inal viscera is the only element which renders the prognosis grave 

SUMMARY 

This paper lepoits a case of eventration of the right side of the 
diaphragm This diagnosis, made from physical examination, is the 
first of its kind detei mined during the life of the patient The clinical 
impression was confirmed at an operation 

Tabulation is made of forty-five cases of eventration of the 
diaphragm Of these, three were right-sided, while forty-two were 
left-sided lesions 

In the differential diagnosis between eventration and allied states, 
the difficulties are pointed out, particularly with regard to the differ- 
entiation from hernia of the diaphragm No single method is capable 
of establishing this differentiation, but all together render the diag- 
nosis reasonably certain 

The various etiological hypotheses are summarized, showing that 
the weight of evidence is in favor of the opinion that the disease has 
a congenital origin 
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A STUDY OF THE LIPIN CONTENT OF A CASE OF 
GAUCHER’S DISEASE IN AN INFANT-^ 

H R WAHL, MD, and M L RICHARDSON, MD 

CLEVELAND 

Lipoid bodies play an imporlaiil part in many pathologic processes, 
especially in those involving the spleen and lymph nodes and other 
blood-forming organs which, until recently, were not suspected of 
bearing any relation to the distribution of the lipins of the body Cells 
which contain considerable hpoid substances are usually characterized, 
m routine histologic sections, by the relatively large amount of pale, 
more or less uniformly vacuolated or honeycombed cytoplasm, and 
small rather deeply stained and often eccentrically placed nuclei The 
vacuoles m the cytoplasm represent spaces left by lipoid material that 
has been dissolved during embedding In fresh tissue this material 
does not react typically to the various microchemical reactions for 
neutial fat Clusters of such lipoid cells have been frequently noted 
m chronic inflammations such as chronic aortitis and chronic sal- 
pingitis, especially where there is considerable lymphoid infiltration 
(Pick,^ Krompecher^) , but it is only in the recent work of Poscha- 
rislcy® and KusunokP that fats and lipoids are described in consider- 
able amounts in the spleen in association with various pathologic 
processes and, indeed, even in some normal conditions This accumu- 
lation of lipoids in the spleen and other blood-forming organs promises 
to contribute considerably to the elucidation of Gaucher’s disease and 
allied xanthelasmic processes in which the parenchyma of the hemat- 
opoietic organs is more or less replaced by distinctive large pale cells 
whose cytoplasm tends to be vacuolated 

Gaucher® described the first case of the disease named after him in 
1882, and noted particularly the large pale cells which he consiaered 

Submitted for publication Sept 27, 1915 

* From the Department of Pathology of the School of Medicine of Western 
Reserve University 

1 Pick, Ludwig Uber besondere Structuren in alten Eitertuben, Berl klin 
Wchnschr, 1908, No 37 

2 Krompecher Vergleich biologish-morphologische Studien betreffend die 
Fibroblasten und Makrophagen (Eiterphagocyten, Pseudoxanthom-, Typ 
Gaucher-, Malakoplakie-, Rhmoskleronzellen) des menschlichen Granulations- 
gewebes, Beitr z path Anat u z allg Path (Ziegler’s) 1913, Ivi, 346 

3 Poscharisky, J Zur Frage des Fettgehaltes der Milz, Beitrage, z path 
Anat u z allg Path , 1912, liv, 369 

4 Kusunoki, Masanobu Lipoidsubstanzen in der Milz und im Lichenblut, 
Beitr z path Anat u z Allg Path , 1914, lix 

5 Gaucher De 1’ epithelioma primitif de la rate. Pans, 1882 
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epithelial in origin Since then about eighteen additional cases, con- 
firmed by histologic examination, have been reported, resulting in 
considerable discussion and dispute over the origin of the large 
pale cells 

Marchand*^ was the first to note the presence of a peculiar homoge- 
neous substance within the cells which is dissolved in alcohol, thus 
explaining the vacuolated appearance of the cells in the paraffin sec- 
tions Further, he concludes that there is "hnvolved, therefore, not a 
real protoplasmic hyperplasia or even a tumor growth, but m the mam a 
deposit of a foreign substance which, under certain treatment, leaves 
behind a vacuolated meshwork 

RiseP studied the same case and confirmed Marchand’s findings 

The next advance was made by Schultze“ in his report of a case 
of diabetic lipoidemia associated with marked “Lipoidzellenhyper- 
plasie” of the spleen with almost complete replacement of the pulp 
by these large pale cells He pointed out that the vacuolated appear- 
ance of the cytoplasm was due to a deposition of a homogeneous sub- 
stance of a lipoid character, probably closely related to cholesterol 
After examination of material from Risehs and SchlagenhaufeFs cases 
he came to the conclusion that ^hn my case the same cells are concerned 
as m the case of Risel and Schlagenhaufer They agree in size and 
in staining reaction to embedded material While the cells were 
alike he did not attempt to identify the two conditions as from the 
same process, but suggested that, in Gaucher’s disease, the vacuolated 
cytoplasm of the cells was also due to the deposition of hpoid sub- 
stances In his case he concluded that the cells were transformed 
reticular cells 

In his report of two cases of large-celled hyperplasia of the spleen 
pulp {grossselhge Hyperplaste der Milzpulpa) in diabetic hpemia, 
Lutz^^ showed that his cases are identical with Schultze’s case, the cells 

6 Marchand Ueber sogenannten idiopatbische Splenomegalie (Typus 
Gaucher), Munchen med Wchnschr, 1907, hv, 1102 

7 Also nicht um erne eigentliche protoplasmatische Hyperplasie, noch 
weniger um eine Geschwulstbildung, sondern in der Hauptsache um Einlager- 
ung einer fremdartigen Substanz zu handeln, die bei gewissen Behandlungen 
ein vakuolares Maschenwerk zurucklasst 

8 Risel, W Ueber die grosszellige Splenomegalie (Typus Gaucher), 

Beitr z path u z allg Path , 1907, xlvi, 241 

9 Schultze, W H Ueber grosszellige Hyperplasie der Milz bei Lipoidaemie 
(Lipoidzellenhyperplasie), Verhandl d deutsch pathol Gesellsch, xv, Tagung 
1912, XV 

10 Dass es sich bei meinem Falle um die gleichen Zellen wie dort handelt 
Sie stimmen in der Grosse und dem Farbenschen Verhalten an eingebettetem 
Material uberein 

11 Lutz Wilhelm Ueber grosszellige Hyperplasie der Milzpulpa bei dia- 
betischer Lipamie, Beitr z path Anat u z allg Path , 1914, Iviii, 273 
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being filled with lipoid substances He also studied the material from 
the cases of Gauchei’s disease reported by Risel, Schlagenhaufer and 
by Dejong and von Heiikelom, and confirmed Schultze in his con- 
clusion that, with a few minor exceptions, the large pale cells were 
identical in the two conditions and contained deposits of hpoid mate- 
rial, but he pointed out that the identity of the cells does not imply 
that the processes aie identical He also noted three types of hpoid 
cells, each reacting slightly difierently to the microchemical reactions 
for lipoids and fats, and only one containing an anisotropic substance 
Most of the cells contained only isotropic material This would indi- 
cate that the hpoid substances are not identical Pie believed that the 
lipoids resulted from the transfoimation of fats deposited in the 
reticular and endothelial cells 

Mandelbaum and BrilP^ failed to obtain any positive reaction for 
neutral fat, cholesterm oi cholesteiin estei in the fresh material from 
a case (Bernstein’s) of Gaucher’s disease, but their report on this 
case has not been completed 

In the past year Sapegno^^ reported two cases of Gaucher’s disease 
111 which he concluded that thei e was a deposit of lipoids in the charac- 
teristic large pale cells, which the author considered as transformed 
embryonic lymphoid cells He noted the similarity of Gaucher’s dis- 
ease and the cases of lipoidemia with large accumulations of hpoid 
cells in the spleen, but pointed out that this did not insure the identity 
of the two conditions He referred to Kramei’s case of obstructive 
jaundice in which masses of hpoid cells were described in Glisson’s 
capsule of the liver and in the splenic trabeculae, and he criticized 
Aschoff’s classification of these allied conditions under xanthelasmic 
diseases in three divisions, as being premature and artificial He sug- 
gested the following classification of xanthelasmic diseases as a tem- 
porary one until more is found out about these processes 

(a) Lipoid mfiltiation of specific elements (Gaucher’s disease) 

(b) Lipoid infiltration of the cells of the reticulum and endothe- 
lium (Schultze-Lutz type) 

(c) Lipoid infiltration of purely connective tissue elements (Kra- 
mer) 

Anitschkow’^^ has produced experimentally, in rabbits, a condition 
similar, to Gaucher’s disease by prolonged feeding of cholesterol, in 

12 Brill, N E, and Mandelbaum, F S Large Cell Splenomegaly (Gaucher’s 
Disease), Am Jour Med Sc, 1913, cxlvi, 863 

13 'Sapegno La Spenomegalia tito Gaucher e le Splenomegalie lipoidemicat, 
La Pedriatica, xxii, 606 

14 Anitschkow Ueber experimentelle erzeugte Ablagerungen von aniso- 
tropen Lipoidsubstanzen in der Milz und im Knochenmark, Beitr z path 
Anat u z allg Path , 1914, Ivii, 201 
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that the parenchyma of the spleen, lymph nodes and bone marrow is 
replaced by large pale vacuolated cells containing large deposits of 
cholesterm ester The picture in the spleen resembles very closely 
that described by Schultze and Lutz The latter noted this close simi- 
larity The deposit occurs in the endothelial and reticular cells While 
Anitschkow noted the resemblance to Gaucher’s disease, he believed 
that, at present, a complete analogy is not warranted, though there is 
a systemic involvement in the rabbits, m that all organs involved are 
provided with those cell elements (reticular cells, endothelial cells, 
Kupfer cells, etc ) which have essentially the same functional signifi- 
cance 

The case^® on which our study is based is that of an infant 11 
months of age, with a clinical picture which, in general, simulated 
Gaucher’s disease In many respects it bore a close resemblance to 
Niemann’s case The spleen, liver and lymph nodes presented the 
usual changes, but the unusual feature of the case was the almost com- 
plete substitution of the medulla of both suprarenals by clusters of 
the large pale vacuolated cells The latter were also present in Peyer’s 
patches, m the intestines and in the thymus, besides involving the 
adventitia of some of the smaller vessels The process was thus much 
more diffused than in any case hitherto described, and also the first 

s 

one described m an infant, when the condition may be more diffused 
than when it occurs in adults 

MICROCHEMICAL STUDY 

Examination of frozen sections of the fresh tissue and of tissue 
fixed in liquor formaldehydi showed the presence of many small homo- 
geneous droplets in the cytoplasm of most of the cells, giving it a 
coarsely granular appearance under low magnification These droplets 
disappeared on treatment with alcohol or ether, leaving the vacuoles 
which are so prominent in the paraffin and celloidm sections A large 
number of the cells did not show these droplets, or else they were 
so small that they appeared as small granules Acids and alkalies 
had no effect on the droplets With the polarized light, many of the 
cells in the spleen had a luminous appearance with here and there a 
small highly refractile granule In addition, there were small clusters 
of cells which, in the spleen, tended to group in and about the mal- 
pighian bodies, and which contained a large number of anisotropic 
droplets, some of the larger ones showing dark crosses in the center 

15 A detailed report o£ this case, associated with that of the sister of our 
patient, will be published shortly in the Bulletin of Johns Hopkins Hospital 

16 Niemann Em unbekanntes Bild der Kinder, Jahrb d Kinderh , 1914, 
Ixxix, 1 
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Some of the smaller ones were needle-shaped On warming, most 
of these doubly refractile substances either became very obscure or 
entirely disappeaied, and leappeared on cooling While most of these 
bodies were within the laige pale cells, some weie found between 
them While cells with isotropic droplets in the cytoplasm greatly 
predominated in the spleen and liver, cells containing anisotropic drop- 
lets were more abundant and more diffusely distributed in the lymph 
nodes and, especially, in the medulla of the suprarenal gland This 
reaction toward the polarized light would indicate the presence of 
cholesterol or one of its compounds,^' but the Golodetz leaction for 





Fig 1 — Photomicrograph of the spleen, X 85, stained with iron hematoxylin, 
showing the more or less extensive replacement of the spleen pulp by the dis- 
tinctive large pale cells Note that some of the cells are also present in the 
center of a malpighian body 

cholesterol was negative Scharlach R and sudan III stained the large 
pale cells a faint orange or not at all, whereas the 'neutral fat in con- 
trol sections took a deep orange-red With osmic acid the cells took 
a very faint gray With nilblau sulphate the droplets in the cytoplasm 

17 Aschoff Zur Morphologic der lipoiden Substanzen, Beitr z path Anat 
u z allg Path , 1910, xlvii, 1 
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of the distinctive large cells in the spleen and liver stained from a 
violet to a pale blue In one section of the spleen a faint pink was 
obtained In the lymph nodes the color was either violet or pink In 
the medulla of the suprarenal glands a definite pink was invariably 
obtained The droplets m the cortex stained violet or blue Weigert’s 
hematoxylin (Schultze®) showed deep blue droplets m the large pale 
cells Lorain-Smith-Dietrich’s stain for lipoids was also positive m 
most of the large cells Weigert’s myelin sheath stain was only partly 
positive in that the droplets were not entirely decolorized The mate- 
rial did not stain with neutral red, or with trypanblau or trypanrot 
Fischler’s stain for fatty acids and soaps was negative With Ciaccio’s 
stain the results were at first negative, but after the time in chrome 
salts had been increased and after preliminary treatment with Carls- 
bad salt, in accordance with Kasarmoff’s suggestions,’^® faint but very 
definite pale orange droplets appeared in the large pale cells m the 
spleen This would indicate the presence of lecithin (Ciaccio^®), but 
it IS more probable that other lipoids are equally responsible for the 
reaction (Polosow^®) 

The foregoing microchemical reactions are not entirely satisfac- 
tory, being incomplete or poorly defined in some cases Very little 
neutral fat is present The anisotropic reaction and pink color in the 
suprarenal medulla and some parts of the spleen indicate the presence 
of cholesterol or one of its compounds, while the isotropic material 
and the violet or pale blue color with nilblau implies the presence of 
other lipoids such as lecithin and phosphatids The variation and 
incompleteness of the other reactions is accounted for, in part, by the 
probable presence of several different hpoid substances and, in part, 
to alterations produced by the formaldehyd fixation, since all of the 
material at hand was fixed in 10 per cent dilution of liquor formal- 
dehydi Both BelP’^ and Bullard^^ have shown that liquor formal- 
dehydi materially interferes with the reactions for lipoids On the 
other hand, Kassarmoff’-® showed that preliminary treatment of for- 
maldehyd-fixed tissue in Carlsbad salt renders the lipoids more sus- 
ceptible to the hpoid stains, and we noted the same improvement in 
following this suggestion Risel and Marchand did not note any 

18 Kasannoff Verglichungen zur Histologic der Lipoide, 1910, xlix, 490 

19 Ciaccio, Carmelo Uebei das Vorkommen von Lecithin in den zellularen 
Entzundungsprodukten und uber besondere lipoidbildende Zellen (Lecithin- 
zellen), Zentralbl f allg Path u path Anat, 1909, p 385 

20 Polosow, A A Zur Morphologic der Lipoidsubstanzen, Zentralbl f allg 
Path u path Anat , 1910, p 1014 

21 Bell, E T Staining of Fats in Epithelial Cells and Muscle Fibers, Anat 
Rec, 1910, IV 

22 Bullard, H Hays The Microscopical Demonstration of Fats in Tissue 
Sections, Jour Med Research, 1913, xxvii, 55 
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change in the material in the cells of Iheir cases as a result of fixation 
In our case the piesence of many isotiopic droplets in the cells and 
compaiatively few anisotropic dioplets may be the lesult of the trans- 
foimation of the latter into the formei by the action of liquor for- 
maldehydij as was shown by Dumn-Kaiwicka"- and Aschoff^' 

These liquid cr3fstals and other anisotropic pai tides are undoubt- 
edly cholesterol or some derivative (Aschofi/' Dunin-Karwicka,”^ 



Fig 2 — Photomicrograph from the same areas as m Figure 1, but with a 
magnification of 450, showing the character of the large cells and the vacuoles 
that are present m the cytoplasm 

Chalatow"^) Most of the cells did not contain anisotropic particles, 
but Aschoff^’^ pointed out that the absence of doubly refractile sub- 
stances does not exclude cholesterol The predominance of violet or 

23 Dunin-Karwicka Ueber das physikalische Verhalten und das physio- 
logische Vorkommen der doppeltbrechenden Lipoide, Beitr z path Anat u z 
allg Path, 1911, L, 437 

24 Chalatow Ueber Myelinosis und Xanthomatosis, Virchows Archiv f 
path Anat , 1914, ccxvii , ueber flussige Kristalle in tierischen Organismus, 
Frankfurt Ztschr f Pathol , 1913, xiii, 189 
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pale blue cells over the pink ones with nilblau is one point that would 
suggest a corresponding predominance of lecithin and phosphatids 
over cholesterol Even at best, the staining reactions are notoriously 
unreliable for careful differentiation of the various lipoids and fats 
and, in formaldehyd-fixed tissue, this defect would be enhanced 
However, the conclusion that is justified from the histochemical study 
of the tissue is that the material, accumulated m the large pale cells, 
is not a protein or a neutral fat, but is composed of fatlike bodies — 
lipoids, including cholesterol and lecithin The relative amount of 
cholesterol as compared to lecithin and the phosphatids is uncertain 

Owing to the unreliability of the fat and lipoid stains m the differ- 
entiation of the lipms, it occurred to us that more definite information 
about the material accumulated m the large pale cells could be obtained 
by extracting the liver and spleen for lipoids, quantitatively The great 
difficulty with this procedure is again the fact that all of the material 
at our disposal had been fixed m liquor formaldehydi, and it is well 
known that lipoids and even neutral fats are more or less altered by 
this solution However, the extent of this alteration, quantitatively, 
has not, to our knowledge, been determined, and it was suggested that 
if the same technic was earned throughout with proper control organs 
and Gaucher organs, a general conception of the mam changes in the 
distribution and relation of the lipins in Gaucher’s disease may still be 
obtained 

The quantitative method for the determination of. lipoids used was 
one elaborated m accordance with the suggestions of FrankeP® and 
Erlandson,^® and depended on the initial extraction with petroleum 
benzm followed by extraction with alcohol The technic and method 
were identically the same for all determinations and were briefly 
as follows 

The organs used were the spleen and liver Extraction was made only from 
the dried tissue A The tissue was first extracted in a Soxhlet extractor 
and reflux condenser for thirty-six hours with petroleum benzm of a low boil- 
ing point (less than 37 C ) This removed practically all of the fat and lecithin 
and a large part of the cholesterol and phosphatids B The tissue was then 
extracted thirty-six hours with hot 95 per cent alcohol This extract contains a 
part of the cholesterol and phosphatids By means of saponification with alco- 
holic sodium hydroxid, the phosphatids were mostly saponified, and the residue 
of unsaponified material consisted chiefly if not entirely of cholesterol C The 
petroleum benzm extract was treated with a large amount of cold acetone 
The precipitate of acetone-insoluble material is probably composed mainly, if 
not entirely, of lecithin D The filtrate from C, which contained all of the 


25 Frankel, Sigmund Darstellung von Lipoiden aus Gehirn und anderen 
Geweben Abderhalden Handbuch der biochemischen Arbeitsmethoden, 
1911, V 

26 Erlandson, cited by Bang, Ivar Chemie und Biochemie der Lipoidsub- 
stanzen, Wiesbaden, 1911 
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fixed fat and a part of the cholesterol and phosphatids, was evaporated to a small 
volume and 95 per cent alcohol added m excess The fixed fat is not dissolved, 
while the cholesterol and phosphatids go readily into solution E The amount 
of fixed or neutral fat in D is obtained by saponification F. The filtrate from 
D, that IS, the phosphatids and cholesterol, was saponified and the cholesterol 
roughly separated from the phosphatids as it cannot be saponified These 
quantities were then added to similar quantities in 5 G The lecithin or 
acetone-insoluble material yras redissolved in ether, the solvent evaporated, the 
residue dried to a constant weight and then saponified to check the result 
found gravimetrically In each of the foregoing steps the solvent was evapor- 
ated spontaneously, and the residue dried in a desiccator to a constant weight 



Fig 3 — Photomicrograph of a preparation, X 85, stained for lipoid material 
after Schultze’s chrome hematoxylin method The large pale cells are repre- 
sented by irregular rounded black masses owing to their being filled with lipoid 
material, which takes a deep steel-blue color 

and the weight recorded The saponification was not made in all of the determi- 
nations, it being considered unnecessary, inasmuch as it only afforded a check 
on the gravimetric values 

This method is not perfect, but the errors that occur are common 
to both the Gaucher tissue determinations and those on the control 
organs For controls, fresh tissue from the spleens and livers. 
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obtained at landom fiom the neciopsy toom, were used Inasmuch as 
no complete quantitative analysis of the diherent lipoids in the normal 
human spleen or liver has been published to our knowledge, our determi- 
nations aftord a general conception of their distribution and relation 
The results of tlie determinations are condensed in the accompany- 
ing tables Table 1 includes the data of the determinations arranged 
so that those on the Gaucher material may be readily compared with 
those on the contiol tissue From this table it is seen that there is a 
very striking uniform mciease in the lecithin (or rather the acetone- 
insoluble residue) in the Gaucher material as compared with that in 
the control organs Theie is from three to four times as much in the 
former as m the latter For example, in the Gaucher spleen there is 
an average of 11 33 pei cent of dried substance or 21 per cent of total 
hpins as compared to 2 77 per cent of dried substance and 12 per cent' 
of total lipins for an average of three different spleens For the livers 
the pioportion of lecithin is still highei, being 26 per cent of the total 
lipins as compaied to less than 10 per cent for normal livers There 
is also a marked increase in the cholesterol m the Gaucher tissue, but 
our data on the normal material are not sufficiently complete on this 
point to make them reliable The phosphatids do not show such a 
marked increase, while the fixed fats m the Gaucher tissue are 
markedly diminished The total lipins are considerably increased 
(from 60 to 100 per cent ), but not as much proportionately as the 
lecithin The high fat content of the control spleen and liver of the 
first case is readily accounted for by the fact that these organs were 
taken from a case of pulmonary tuberculosis in which all of the 
abdominal viscera showed considerable fatty change 

Table 2 shows the result of a series of determinations made to show 
the effect of liquor formaldehydi on the extraction of lipoids and fats 
after our method These determinations were made on the fresh tissue 
and formaldehyd-fixed material of the same cases which were as near 
normal and as near the age of our case of Gaucher’s disease as we 
could obtain The data aie arranged together so that a comparison 
between the unfixed and formaldehyd-fixed tissue may be readily made 
It is at once evident from this table that while liquor formaldehydi 
does cause some alteration, it is so small that it is practically negligible 
when compared with striking changes as are present in the Gaucher 
tissue Throughout this series of determinations, the values for the 
formaldehyd-fixed tissue are slightly higher than for the unfixed 
material This may be explained by either the liberation of some fats 
firmly bound in protein combination by liquor formaldehydi or, more 
probably, by the addition of a formol radical to the lipoid substances 
It IS well known that with lecithin this combination occurs, and it would 



TABLE 2 — ^Lipoids in Fresh Material and Material Fixed in Liquor Formaldehydi 
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account for the slightly increased amount of lecithin obtained in our 
determinations It is only in the case of fixed fats that the change is 
very considerable > 

In Table 3 the results of our determinations are summarized in 
terms of percentages so that tliey are more easily interpreted Inas- 
much as the Gaucher tissue was fixed m liquor formaldehydi there is, 
in tins table, also a series of determinations on two formaldehyd-fixed 
controls for companson This table shows that the combined total of 
cholesterol and phosphatids in the Gaucher spleen is markedly increased 
over that in the control spleens, while in the liver the increase was not 
nearly so prominent Their percentage of the total lipins is not 
materially changed The lecithin again shows a very striking increase 
in both organs in Gaucher’s disease, as shown in Table 1, while the 
fixed fat IS decreased 

The results of this quantitative analysis lead us to conclude that 
there is a very marked alteration in the relation and distribution of the 
lipins in our case of Gaucher’s disease, and that there is a striking 
increase in the acetone-insoluble material (which is most probably 
lecithin and lecithin-like bodies), a marked accumulation of cholesterol 
or one of its compounds , a relative diminution in the phosphatids and 
a very considerable decrease in the quantity of fixed fats They also 
show that, exclusive of the fixed fats, the alteration of the lipins pro- 
duced by formaldehyd fixation does not materially interfere with their 
extraction, but owing to the paucity of our determinations not much 
stress can be placed on this point 

SUMMARY AND COMMENT 

The microchemical study of our case indicates not only the accumu- 
lation of lipoids in the large pale cells but also that these bodies are not 
identical Many of the cells contain droplets that give reactions for 
cholesterin ester, that is, were doubly refractile to polarized light, 
stained pale orange with sudan III and pink with nilblau sulphate 
Other cells appeared as if covered with a luminous dust which 
Chalatow^^ showed was due to the accumulation of very small liquid 
crystals These are formed wherever fat is present from the union of 
fatty acid and cholesterol However, most of the cells did not show 
anisotropic particles, and gave a violet or pale blue color with nilblau a 
faintly positive reaction for Ciaccio’s stain, a positive reaction for the 
Lorain-Smith-Dietrich reaction for lipoids and also for myelin, sug- 
gesting the presence of other lipoid bodies The fact that formalde- 
hyd fixation may, especially if prolonged, interfere with the various 
microchemical reactions for lipoids and with the action of polarized 
light makes the interpretation of the results of these methods on for- 
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maldeliyd mateiial uncertain A positive result would be of much ~ 
more value than a negative one, and the absence of anisotropic droplets, 
for example, in most of the cells may be interpreted either as indicating 
an alteration produced by liquor formaldehydi or the presence of other 
lipoid bodies that are isotropic It may be for this reason that Lutz^^ 
found the Loram-Smith-Dietrich stain for lipoids in the formaldehyd- 
fixed material of Risel’s and of Schlagenhaufer’s cases negative, 
wheieas Schultze,® who apparently examined the material about two 
years earlier, when it was fresher, found the reaction positive The 
microchemical reactions in our case are practically identical with those 
described by Lutz^^ in his first case and very similar to those of 



Fig 4 — Photomicrograph of a preparation, X 85, stained for hpoids after 
Loram-Smith-Dietnch’s method The distinctive large pale cells are more or 
less filled with lipoid substances and stand out as irregular round black masses 

Schultze® Both of these authors examined the material of the Risel 
and Schlagenhaufer cases and concurred m the identity of the cells and 
the lipoid character of the intracellular droplets of their cases and the 
cases of Gaucher’s disease Sapegno^® also noted the same lipoid 
infiltration m the cells of his case of Gaucher’s disease, but asserted 
that the cells were of lymphocytic origin and not endothelial and reticu- 
lar as the other authors contended 

There is no question about the identity of the cells and the lipoid 
character of the material accumulated in our cases with the foregoing 
cases of Gaucher’s disease and of “grosszellige Hyperplasie der Milz ” 
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This does not imply that the lipoids aie identical They are so com- 
plicated and difficult to separate that conflicting results with the crude 
microchemical reactions are not at all surprising, and no attempt to 
separate these cases on the basis of slight variations in their reactions 
to our piesent unreliable microchemical reactions would be warranted 
The quantitative determination of the lipoids is equally difficult and 
uncertain (Bang^®), but for our purposes it serves in a general way to 
confirm the conclusions, based on the microchemical reactions, that 
there is a great increase m lipoids with the Gaucher liver and spleen 
and that lipoids, such as lecithin-like bodies as well as cholesterol com- 
pounds, are mainly responsible In this way the question as to whether 
the negative reaction of most of the large cells to cholesterol is due to 
alterations produced by formaldehyd fixation or to the presence of 
different lipoid bodies is definitely determined We have not found 
any complete quantitative analysis of the different lipoids and fats in 
the spleen Wells^" shows that the dried normal spleen contains 14 2 
pel cent lipins, a figure that is somewhat lower than our determina- 
tions for the control spleens, though m one case (Table 3) the figure 
of 14 66 per cent was very close Our higher average is probably due 
to our material being mostly pathologic In the normal livei-' the lipm 
content amounts to 5 per cent of the moist weight or about 22 per cent 
of the dried weight , but in pathologic organs the lipins may run up as 
high as 75 per cent of the dried weight According to Rumpf,^® the fat 
(total hpm) content of the liver varies from 2 to 56 per cent of the 
dried weight with an average of 19 6 per cent , and the content of the 
spleen varies from 1 4 to 24 8 per cent , with an average of 9 96 per 
cent His figures for the liver correspond closely with our determina- 
tions, but those for the spleen are much lower No determination of 
the different lipoids was available Aschoff^'^ showed that cholesterol 
formed 5 9 per cent of the normal liver cell Our determinations give 
a general conception of the distribution and relation of the mam lipoids 
and fats m the average organ obtained at necropsy, but the number of 
cases analyzed is too few to make the results very reliable The find- 
ings would also indicate that liquor formaldehydi does not interfere so 
extensively with the extractibihty of lipoids and fats, but that a good 
working conception may be obtained of their amount and should 
encourage similar determinations to be made on this and other rare 
and interesting xanthelasmic tissues, of which usually nothing but for- 
maldehyd-fixed material is available From the microchemical reac- 

27 Wells, H Gideon Chemical Pathology, Philadelphia, W B Saunders 
& Company, 1914, p 495 

28 Rumpf Ueber den Fettgehalt des, Blutes und einigen Organe des 
Menschen, Virchows Archiv f path Anat, 1903, clxxiv, 163 
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tions it IS very probable that the lipoid substances, especially a lecithm- 
like body and cholesterol that are quantitatively greatly increased in 
the liver and spleen as a whole, are accumulated in the droplets within 
the large pale cells 

The nature of the process which underlies this peculiar accumula- 
tion of lipoids opens up a broad field for speculation The individual 
large pale cells m Gaucher’s disease are not specific for this disease 
They occui not only in Gaucher's disease and in allied conditions, such 
as Schultze’s case of lipoidemia, but also in various more common 
pathologic lesions such as chronic granulation tissue- and chronic 
pyometra and pyosalpingitis They have even been noted free in the 



Fig 5 — Photomicrograph of a frozen section, X 160, through a polarizing 
microscope showing the doubly retractile liquid crystals m many of the large 
pale cells Note that this anisotropic material is much more abundant is some 
cells than in others 

blood stream (Kawamura^®) Whether or not they occur in the blood 
in Gaucher’s disease has not been reported, largely, perhaps, because 
no careful search was made for them They do not necessarily repre- 
sent a degenerative or a pathologic process, for Ciaccio®® and Kusu- 
nokP have noted them in normal conditions, the former as “Lecithin- 

29 Kawamura Cholestermesterverfettung, Jena, Fischer, 1911 

30 Ciaccio, Carmelo, Beitrag zum Studium der Zelllipoide in normalen und 
pathologischen Verhaltnissen und emer besonderen Entartung von lipoid Typus 
(Lecithmische Entartung), Zentralbl f allg Pathol u path Anat, 1909, 
XX, 771 
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zellen” in the blood-forming tissues, and the latter as “lipoid” cells in 
the spleen They both point out that they have the physiologic func- 
tions of absorbing and disposing of lipoid substances in the tissues, 
and that in pathologic conditions these cells may accumulate in great 
numbers Chalatow^^ termed this accumulation of lipoid material 
“xanthomatosis” or “myelmosis,” according as the material accumu- 
lated m the supporting tissue of the organs or in the parenchyma, the 
former being an active process, the latter a passive one Accordingly, 
he would call the spleen described by Lutz a case of xanthomatosis 
Kusunoki^ maintained that the lipoid cells were mainly reticular cells, 
though some were derived from the endothelium of the lymph sinuses, 
and had the same origin as the pigmented cells of the spleen Anitsch- 
kow^^ held that these lipoids were also present m the reticulo-endo- 
thelial cells of the bone marrow and lymph nodes and in the Kupfer 
cells of the liver, and that they took up carmm and other vital stains 
and iron pigment He maintained that in his experimental rabbits the 
accumulation of cholesterol involved a certain system of cells, that 
IS, the reticulo-endothelial cells of the spleen, bone marrow, lymph 
glands and the Kupfer cells of the liver, and suggested the analogy with 
Gaucher’s disease, but refrained from asserting any identity between 
the two processes Soper^^ pointed out recently that the spleen owes its 
part m cholesterm metabolism mainly to the large proportion of the 
reticulo-endothelial system of the body (designated by Landau®^ and 
Aschoff as the “endothelial Stoffwechsel Apparate or Milzapparate,” 
which the latter hold plays the mam role outside of the liver in the 
absorption, transformation and retention of cholesterin) which it occu- 
pies It IS this system which forms the lipoid cells, which takes up the 
vital stains, which is concerhed in the iron pigment metabolism and 
which is the seat of the striking changes in experimental cholesterm- 
steatosis following a prolonged cholesterol diet Of the various con- 
ditions in which the lipoid cells accumulate in large numbers, it is only 
in the experimental type produced in rabbits by excessive cholesterol 
feeding that one is justified in considering the lipoid material as 
cholesterol to the exclusion of other lipoids and, even here, quantitative 
determinations should be made to confirm the more or less inadequate 
microchemical methods of recognizing the mam lipoid bodies It is - 
because of the inadequacy of microchemical methods and the close 
relation of one lipoid to another that, m the cases of human xanthel- 
asmic conditions, it would be hazardous to limit the lipoids to one par- 

31 Soper, W B Ueber Beziehungen der Milz zum Cholestenn-stoffwechsel, 
Beitr z path Anat u z allg Path , 1915, lx, 233 

32 Landau, M, and McNee, J W Zur Physiologic des Cholesterm-stoff- 
wechsels, Beitr z path Anat u z allg Path, 1914, Iviii, 667 
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ticular type Accordingly, we hesitate to speak of cholesterm infiltration, 
“cholesterinverfettiing,” etc , and prefei the more general term “lipoid” 
until more is known about lipoids and their recognition microchem- 
ically 

In our case it is important to lecall that the medulla of both supra- 
renal glands was almost replaced by the large pale cells similar to those 
in the spleen and lymph nodes, a fact that is difficult to explain 
According to Krylow^^ the suprarenal cortex regulates the hpoid 
metabolism, and its inefficiency would cause the accumulation of local 
deposits of lipoid m other organs No such deposit has hitherto been 
noted in the suprarenal medulla Possibly, this is because the other 
cells were filled with lipoid and the accumulation still continued, lesult- 
ing in a hpoid infiltration of the reticulo-endothelium of the medulla 
But for this medullary change our case, histologically, seems to be a 
human counterpart of Anitschkow’s experimental cholestermsteatosis 
A more serious objection to this assumption of similarity is in the fact 
that both microchemically and quantitatively cholesterm was not the 
only hpoid present, in fact, it was relatively less abundant than a 
lecithin-like body 

The relation of our case to Gaucher’s disease is a very important 
consideration, inasmuch as it deviates in some respects from the cases 
that have been reported The absence of any knowledge of the under- 
lying cause of the lesions in Gaucher’s disease, the paucity of the cases 
that have been thoroughly described, and the lack of unanimity of 
opinion among the different authors regarding the nature and origin of 
the large pale cells, some holding that they are endothelial cells 
(Bovaird,®* BrilP®), others that they are changed reticular or both 
reticular and endothelial cells (Risel,'^ Schlagenhaufer®®) and still 
others maintaining that they are derived from embryonic lymphoid cells 
(Mandelbaum,®'^ Sapegno^^) makes it difficult if not impossible to 
ddmeate what is the typical histologic picture of Gaucher’s disease The 
differences of opinion are probably due to variation in the reaction of 
the cells to the underlying processes, resulting in the predominance of 
different cells in the individual cases Our case is the first one noted 

33 Kr^low, D D Expenmentelle Studien uber Nebennierennnde, Beitr z 
path Anat u z allg Path , 1914, Ivm, 434, 474 

34 Bo\aird, D Primary Splenomegaly, Am Jour Med Sc, 1900, cxx 

35 Brill, N E Mandelbaum, F S , and Libman, E Primary Splenomegaly, 
Gaucher Type, Am Jour Med Sc, 1905, cxxix, 491 

36 Schlagenhaufer, F Ueber mist familiar vorkommende, histologisch 
charakteristische Splenomegalieen (Typus Gaucher (Eine Systemerkrankung 
des lymphatisch-hamopoetischen Apparates), Virchows Arch f path Anat, 
1907, clxxxvii, 125 

37 Mandelbaum, F S The Pathology of Piimary Splenomegaly, Jour 
Exper Med , 1912, xvi, 797 
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m an infant, and the more diffuse character of its lesions may well be 
the manifestation m an infant of the same process underlying Gaucher’s 
disease In this case the medulla of the suprarenal glands and the 
adventitia of some of the vessels showed the same accumulation of 
lipoid cells The theory that Gaucher’s disease involves only the hem- 
atopoietic organs is not entirely substantiated by the cases reported 
In Risel’s case a cluster of the large pale cells was noticed m the 
thyroid Moreover, in most of the cases large numbers of the cells 
were described in Glisson’s capsule of the liver as well as m the 
sinusoids, a fact that is opposed to the strictly hematopoietic nature of 
the disease The only part of the liver that enters into blood formation 
during fetal life is the sinusoids The explanation that the large lipoid 
cells are transported to the liver from the spleen by the blood stream 
IS untenable, inasmuch as no such cells have ever been seen m the blood 
stream or in the portal vessels It is much more probable that Gaucher’s 
disease represents a ‘‘Systemerkrankung” not of the hematopoietic 
organs as such but of the reticulo-endothehal cells of the body, and 
most strikingly manifested in the hematopoietic organs, because of the 
prominence of the reticulo-endothehal cells in them This conception 
would explain our case much more satisfactorily and also the cases of 
Gaucher’s disease reported by the German authors The streaking of 
the cytoplasm of the large pale cells, which was noted by Marchand® and 
Mandelbaum^^ was considered a characteristic of the cells in Gaucher’s 
disease, but it has not been noted in the reports of most of the cases and 
IS not peculiar to Gaucher’s disease, inasmuch as Pick has shown that 
it occurs in the lipoid cells in old chronic granulation tissue of cases 
of chronic salpingitis,^ and that it is due to the shrinkage of the cyto- 
plasm following the solution of clusters of needle-like lipoid crystals 
Consequently, this streaking indicates the presence of a cholesterin 
compound, but it is of minor anatomic importance and should play little 
part in the interpretation of the process as a whole, and its absence in 
our case does not mean that our case is not one of Gaucher’s disease 
The character of the large pale cells of our case and of the lipoid 
within them is identical with that of the cases of “grosszellige Hyper- 
plasie” described by Schultze and Lutz and, based on the statements of 
these authors that the cells in their cases were identical with the cases 
of Gaucher’s disease reported by Risel, Schlagenhaufer and Dejong 
and Heukelom, and on the involvement of essentially the same tissues, 
we feel that we are fully justified in classing our case as an example of 
Gaucher’s disease rather than reporting it as a unique and hitherto 
undescribed pathologic process 

The peculiar accumulations of lipoid cells, in Gaucher’s disease, in 
cases of hpoidemia and in various subcutaneous tissues represent vary- 
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ing degrees of involvement of the same general system, that is, the 
reticulo-endothehal system (including die stellate cells of the liver) 
which controls the normal disposition of the lipoids of the body Such 
accumulations are designated xanthelasmic diseases, and indicate a dis- 
turbance of hpoid metabolism The latter may be so seriously involved 
that the cells which normally dispose of the lipoids are unable to do so, 
resulting m a lipoid infiltration of other cells, such as the parenchyma 
of the liver, a condition designated as myelmosis (Chalatow^^) The 
causes underlying this disturbance of the metabolism are obscure, but 
Anitschkow’s^® work m producing local accumulations m subcutaneous 
tissue by inducing a general hpoidemia, from cholesterm feeding m 
rabbits and a local injury to the subcutaneous tissue, is very suggestive 
It may well be that m these accumulations m man there is a predis- 
posing susceptibility of the reticulo-endothedhal system due to a dis- 
turbance m the hpoid metabolism which may be manifested by a 
hpoidemia, and it only requires some toxic, or other injury of a part 
or of all of the system, to lead to a local or a general more diffused 
accumulation of hpoid substances in this system The factors that 
underlie the disturbances m hpoid metabolism and the accumulation of 
hpoid cells are unknown, but undoubtedly vary m the different cases, 
being more deep-seated and inherent m the body economy m the more 
diffused and extensive cases, such as m our case In accordance with 
this conception, m Schultze’s case of hpoidemia, accumulation of the 
hpoid cells m the spleen represents a local involvement of the reticulo- 
endothelial system, the average case of Gaucher’s disease, a more diffuse 
involvement of the same system, while our case of this disease repre- 
sents an even more serious involvement, the accumulation of the cells 
occurring in the reticulo-endothehum of the suprarenal medulla and 
of the intestinal tract as well as in other tissue cells The hpoid sub- 
stance is not necessarily the same in each case, for undoubtedly various 
combinations of lipoids occur with one predominating in one case, and 
another in other instances While our case resembles in some respects 
Anitschkow’s experimental cholestennsteatosis, it is not an example of 
“Cholesterinesterverfettung,” inasmuch as both our microchemical and 
quantitative studies show that a lecithin-like body is the chief hpoid 
present with also a prominent cholesterol body 

CONCLUSIONS 

1 In Gaucher’s disease the liver and the spleen show not only a 
marked increase m the hpin content, but also a serious alteration m 
normal relations of the lipins to each other The fixed fats are greatly 

38 Anitschkow Ueber expenmentelle erzeugte Ablagerungen von Choles- 
terinester und Anhaufungen von Xanthomzellen in subcutanen Bindegewebe des 
Kaninchens, Munchen med Wchnschr, 1913, No 46 
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reduced, while the lipoids, such as lecithin and cholesterol, are greatly 
increased In our case a lecithm-like body predominated, but a cho- 
lesterin compound may prevail in other cases 

2 In Gaucher’s disease, lipoid substances accumulate in the form of 
small droplets withm the cytoplasm of the tissue cells, resulting in the 
formation and accumulation of the distinctive large pale cells so char- 
acteristic, histologically, of this disease 

3 Gaucher’s disease is due to a disturbance of hpoid and fat 
metabolism, resulting m the accumulation of lipoid substances m the 
cytoplasm of the large pale cells that are mostly transformed reticulo- 
endothelial cells of the spleen, lymph nodes and bone marrow and the 
stellate cells of the liver These cells have the physiologic property of 
disposing of the fats and lipoids, and comprise the “endothelial Stoff- 
wechselapparate ” It is thus a system disease, but involves the hema- 
topoietic organs only secondarily in that they are very rich in the 
reticulo-endothehal cells 

4 Those organs that contain the reticulo-endothehal cells m large 
abundance (spleen, lymph glands, bone marrow, liver, stellate cells of 
Kupfer, etc ) show the most changes , but specific parenchymal cells 
may absorb some of the lipoid m a very advanced case 

5 Gaucher’s disease belongs to the group of xanthelasmic condi- 
tions which are characterized by a more or less diffuse accumulation of 
lipoids in reticulo-endothehal or in fibroblastic cells in one or more 
organs It represents a more diffuse and widespread involvement of 
the “Endothelial Stoffwechselapparate” than those cases of “gross- 
zellige Hyperplasie der Milz” in diabetic lipoidemia, with an underlying 
cause that is more deepseated and inherent in the body economy 

We wish to express our thanks to Dr J H Mason Knox, Jr, of Baltimore, 
for his courtesy in allowing us to use his material , to Dr Paul J Hanzhk 
for many valuable suggestions for our chemical stud}--, especially in the evolu- 
tion of our method for extracting the fats and lipoids, and to Prof Howard 
T Karsner for many suggestions and encouragement in carrying out our 
studies 
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The work reported in this paper was undertaken at the suggestion 
of A J Carlson, piimarily for establishing a biological test for the 
active principle of the thyroid gland in the blood 

A few years ago ITunt,^ by means of the acetomtril test, thought 
that he had a reliable test for the active principle of the thyroid in the 
blood Later investigators (Carlson and Woelfel,- Lussky^) failed to 
detect any active principle of the thyroid in the blood of the dog, and 
in rabbits and guinea-pigs in experimental hyperthyroidism by means 
of this test Hunt studied the blood of clinical cases of exophthal- 
mic goiter and obtained a positive test in two out of three cases On 
the other hand, Carlson and Woelfel could not get a positive reaction 
in a case studied by them Carlson also tested his own blood after 
having taken thyroid until toxic symptoms arose, with negative 
lesults The presence of lodin in the blood in “hyperthyroidism” has 
recently been shown by Jones and Tatum ^ They found that intra- 
venous injections of blood serum from hyperthyroid-fed rabbits 
increased the lodin content of the thyroid glands of the rabbits which 
were injected 

Another method of attack relates to the changes of excitability of 
the depressor nerve Von Cyon and Oswald® found that injection of 
thyroid extract increases the irritability of the depressor nerve Asher 
and Flack reported some interesting results on the excitability of the 
depressor nerve before and after stimulation of the thyroid nerves, 
and the effects of small intravenous injections of epinephrin before 
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1 Hunt, Reid (a) Influence of Thyroid Feeding and of Various Foods 
upon Poisoning by Acetomtril, Proc Soc Exper Biol , N Y , 1905 , Jour Am 
Med Assn , 1907, xlix, 1323 , (b) The Probable Demonstration of Thyroid 
Secretion m the Blood in Exophthalmic Goiter, Jour Am Med Assn, 1907 
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2 Carlson, A J , and Woelfel, A On the Internal Secretion of the 
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and after such stimulation The excitability of the depressor nerves 
IS increased during or immediately following the stimulation of the 
thyroid nerves According to Asher and Flack,® the animals are also 
sensitized to epinephrm through stimulation of the thyroid nerves 
They ascribe these results to the action of increased quantity of 
thyroid secretion poured into the blood on stimulation of the thyroid 
nerves After extirpation of the thyroid gland, stimulation of the 
thyroid nerves failed to produce increased excitability of the depressor 
nerve According to their report, intravenous injection of thyroid 
extract acts similarly to stimulation of the thyroid nerves Ossakim 
(1914) working m Asher’s laboratory repeated and apparently con- 
firmed Asher and Flack’s work 

The experiments were carried out on cretin rabbits produced by 
complete thyroidectomy Five lines of investigation were undertaken 

1 The transfusion of normal blood serum 2 The transfusion of 
“hyperthyroid” blood serum 3 The feeding of Standard U S P 
thyroid products 4 The feeding of Koch’s thyroid metaprotem 5 
The feeding of Kendall’s Extract B 

I PRODUCTION OP CRETINS 

The litters of rabbits were all raised from healthy albino stock of 
approximately uniform size They were all kept in cages with their 
mother until 6 weeks of age, after which they were separated and 
the mother was again mated 

The animals were fed with oats, carrots, alfalfa hay and water 
daily It IS essential that the diet of the different litters be as uniform 
as possible, because of the great variation of growth curves with 
various foods In this way the growth curves of various litters were 
made practically uniform 

Thyroidectomy was performed on the young rabbits at the age of 
2 to 3 weeks, when their average weight was about 175 gm One or 
two members of each litter were kept as controls In the removal of 
the thyroids, the method of Hofmeister was followed, with usual 
aseptic procedures Through a median incision of about 2 cm over 
the prominence of the larynx, the subcutaneous tissue and muscles 
were separated, bringing the thyroid cartilage into view The thyroid 
glands lying on both sides of the trachea are, in rabbits, always con- 
nected at the lower pole by an isthmus, more or less flat and membran- 
ous The gland is usually so closely adherent to the thyroid cartilage, 

6 von Asher, L, and Flack, M Die innere Sekretion der Schilddruse und 
die Bildung des mneren Sekretes unter dem Emflusz von Nervenreizung, 
Ztschr f Biol , 1911, Iv, 83 

7 Ossakin, N Zur Frage des Inner\ation des Glandula Thjroidea, Ztschr 
f Biol , 1914, Ixiii, 444 
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especially at its posteiior end, that it can be separated only with diffi- 
culty With a fine pointed probe, the lower pole is carefully separated 
from the recuirent laryngeal nerve and the sunoundmg pericapsular 
tissue It IS essential that the recurrent laryngeal nerve should not 
be injured because of the fatal dyspnea following such an injury 
Care was also taken to leave the external parathyroids intact One 
or more may usually be seen m the pericapsular tissue The arteries 
were either ligated before division or, if small, they were clamped 
and crushed with forceps before division The thyroid tissue was 
carefully dissected away from the thyroid cartilage and this lobe, 
together with the connecting isthmus, was reflected over the remain- 
ing lobe This lobe was sepaiated in a similar way 

Great care has to be taken to remove all of the thyroid tissue, 
because it is surprising how fast small lemnants of tissue will hypei- 
trophy Such remnants, if present, on postmortem examination were 
usually found on the posterior end, closely adherent to the thyroid 
cartilage These nodules always showed marked evidence of hyper- 
trophy However, these remnants were never more than one-tenth 
of the size of one of the lobes Out of over 140 operations I have 
produced typical symptoms of cretinism in eighty-six cases There 
IS also some variation in the different litters in the location of the 
gland with respect to the thyroid cartilage In some litters, on account 
of the difficulty of removal it was impossible to get cretins in more 
than 25 per cent of cases On the other hand, the perfect ease with 
which the thyroid gland could be removed in other cases was shown 
by the development of symptoms of cretinism in 90 per cent after 
operation Experimental cretinism in rabbits has been studied by 
Moussu,® Hofmeister,® Haushalter and Jeandelize,^® Leonhardl,^^ 
Blumreich and Jacoby and Tatum 

8 Moussu Effets de la thyroidectomie chez nos animaux domestiques, 
Compt rend Soc de biol, 1892, xliv, 271 

9 Hofmeister, F (a) Exp enmen telle Untersuchungen uber die Folgen des 
Schilddrusen Verlustes, Beitr z klin Chir , 1893-94, xi, 441 , (b) Zur Frage 
nach den Folgegustanden bei Schilddrusenexstirpation, Deutsch med Wchnschr , 
1896, xxii, 354, (c) Uber Storungen des Knochenwachstums bei Kretmismus, 
Fortschr der Rontgenstr, 1897-1898, 1 

10 Haushalter, P , and Jeandehze, P Retard de developpement et etat 
cretinoide a la suite de la thyroidactomie chez un agneau et chez un lapereau, 
Compt rend Soc de biol , 1902, liv, 597 

11 Leonhardt, M Experimentelle Untersuchungen uber die Bedeutungen 
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Anat, 1897, cxlix, 341 
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Pfluger’s Archiv f d ges Physiol , 1896, Ixiv, 1 
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Exper Med , 1913, xvii, 636 
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In the present series the onset and development of the cretin symp- 
toms were always similar About two weeks after the operation the 
hair becomes noticeably drier and does not he smooth and flat on the 
skin as noimally It stands up and can be pulled out very easily At 
the same time there is a gradual retardation of growth This is notice- 
able as early as the third week after the operation This retardation 
of growth is greatest from the eighth to the twelfth week, as shown in 
Figure 1 By the tenth week, the average weight of the cretins is 
750 gm , while the normal controls weigh approximately 1,400 gm 
From this time the growth curve of the cretins deviates even more 
rapidly from that of the normal, but the growing period is longer m 
the case of the cretins This was true in all cases under observation 



Fig 1 — The growth curves of four normal control and three cretin rabbits 

Figure 2 shows two typical cretins with normal control at the age of 
12 weeks The weight of the normal rabbit is 1,630 gm , while the 
weights of the cretins are 760 and 840 gm , respectively The posture 
of the cretin is typical The limbs are short and the muscles are too 
weak for support The bones show a pseudorickety condition which 
Hofmeister® calls “chondrodystrophia thyreopriva ” The hair becomes 
coarse and can be pulled out in bunches The skin becomes dry, thick 
and scaly, gradually turning into a typical eczema covered with crusty 
scales This is always most marked about the head, ears, shoulders 
and legs The proportionate growth of the abdomen over that of the 
rest of the body gradually increases and the cretin acquires the descrip- 
tive "pot belly” type of abdomen They are slow, awkward and move 
about very reluctantly If not disturbed, they may remain for hours 
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in the same place liaushalter and Jeandelize^® speak of a swollen, 
myxomatous condition of the skin which developed gradually in all 
of then cretins There was no typical myxedema noticed in any of 
my cretins It is evident that myxedema so characteristic of post- 
operatne thyreopnva m man, is not an accompanying symptom of 
cretinism m rabbits The chronic, progressive fatal cachexia described 
b}^ Hofmeister, was not apparent in my cretins I have kept sixteen 
cretins alive for over a year without any evidence of cachexia as 
described by Hofmeister Of course, there was a marked muscular 
weakness, especially noticeable in the limbs, but the animals always 
appeared to be in a fairly well nourished condition 



Fig 2 — Normal control rabbit and two cretins from same litter Age 
12 weeks Weight of normal, 1,630 gm , cretins, 840 and 760 gm 


II BLOOD TRANSFUSION 

(a) Noimal Blood Seium — ^The blood serum used for transfusion 
was taken from rabbits from the same stock as those used for experi- 
ments Sixteen normal, healthy grown rabbits were kept for bleeding 
purposes These were bled alternately, and never oftener than once 
every three weeks, ■for the purpose of keeping the animals in the best 
possible condition and for giving the thyroid gland a chance to replen- 
ish its secretion, assuming that it has an internal secretion The great- 
est possible aseptic precautions were taken in all these experiments 
The animal was bled 25 c c from the ear, the blood defibnnated. 
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filtered at once, rapidly centrifuged and the serum injected intra- 
venously into the cretin rabbits Four cretins averaging 350 gm were 
used for transfusion Injections were made into the ear veins, under 
the usual aseptic precautions, with a fine needle The amount injected 
in the four cases varied from the beginning of the experiment, the 
smallest being 2 cc and the largest 5 cc These transfusions were 
made four times weekly There was no evidence of any toxicity, so 
these doses were gradually increased Toward the end of the experi- 
ment, the amount injected m the four cases ranged from 6 c c to 10 c c 
Figure 3 represents the average growth of the controls and of the 
cretin rabbits which have been transfused The normal cretin curve is 
identical with the lower curve Suffice it to say, that these curves 



Fig 3 — The growth curves of three normal controls and four cretin rabbits 
which had been transfused with normal blood serum 

difier m no respect from those of Figure 1, except that the maximum 
growth of control, normal cretin and transfused cretin are somewhat 
less 

Figure 4 shows a control rabbit with two cretins at the age of 16 
weeks after transfusion of the cretin for two and one-half months 
The weight of the control was 1,850 gm , and that of the cretins 890 
and 950 gm , respectively There is no evidence of any improvement 
due to the transfusion They are essentially cretins differing m no 
respect from the normal cretins shovn on the other pictures 

(&) “Hypeithyi Old” Blood Seumi — Fifteen normal, healthy, 
grown rabbits were kept in separate cages as in the preceding experi- 
ment These were fed increasing doses of Standard U S P thyroid 
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four times per week, until symptoms of toxicity resulted This over- 
dose of thyroid, or “hyperthyroidism,” was kept up throughout the 
experiment The average toxic dose for these rabbits was 0 65 gm 
The animals were bled alternately as in the preceding experiments 
The procedures, as bleeding, centrifuging and transfusions were simi- 
lar The same general precautions were taken to have the transfusion 



Fig 4 — Normal control and two cretin rabbits which were transfused with 
normal blood serum Age, 16 weeks Weight of normal, 1,850 gm , cretins, 
890 and 950 gm 



Fig 5 — The growth curves of four normal controls, two cretins, and six 
cretins which had been transfused with “hyperthyroid” blood serum 

done under as nearly sterile conditions as possible Six cretin rabbits 
from four litters, containing eight cretins and four normal controls, 
were used for transfusion Injections were begun on the fourth week 
with amounts varying from 3 to 5 c c These transfusions were made 
four times a week Cretin rabbits weighing 350 gm will not tolerate 
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more than 5 c c because of the apparent toxicity of this serum These 
doses were gradually increased as in the preceding experiments By 
the twentieth week, the amount injected varied from 8 to 12 c c in 
the different rabbits 

The growth curves are shown in Figure 5 The upper curve repre- 
sents the growth of normal, the lower, the normal cretin, and the 
middle, the growth curve of the cretin rabbits which had been trans- 
fused with the “hyperthyroid” blood serum The upper and lower 
curves are similar to the curves of precedmg figures The middle 
curve IS typical of the effects of transfusion of the “hyperthyroid” 
blood serum During the first two weeks, there is no change from the 
normal cretin curve, after which there is a gradual increase This 
increase, however, is not so marked as in the cretins which had been 
fed thyroid The average maximum growth attained m the six cretins 
which were injected, was 1,750 gm The average weight of the normal 



Fig 6 — Normal control and two cretin rabbits from same litter Age, 
28 weeks Transfused with “hyperthyroid” blood serum Weight of control, 
2,350 gm , cretins, 1,650 and 1,720 gm. 

was 2,550 gm and that of cretins, not transfused, 1,125 gm This 
gives an average increase in weight of transfused rabbit of 600 gm 
over that of normal cretins 

Figure 6 shows two transfused cretins and one control at the age 
of 28 weeks (7 months) The weight of the control is 2,550 gm and 
of transfused, 1,650 and 1,720 gm , respectively The hair is abundant, 
smooth and lays flat The skin shows no signs of any scaly or eczema- 
tous condition The weakness of muscles, bones and joints has dis- 
appeared The animals appear as alert and active as the normal 
rabbits 

III THYROID FEEDING 

The clinical literature on the beneficial effects of thyroid feeding 
on cretinism seems conclusive In man, however, it is frequently 
difficult to decide whether we are dealing with cases of pure cretinism 
due to deficiency of thyroid activity, or with other diseases 
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Kutschera/^ who had more than one thousand cases of cretins 
under observation, claims tliat it is often next to impossible to differ- 
entiate cretinism from certain forms of rachitis Thyroid medication 
on these patients was carried on by Kutschera over a period of two 
years, with complete cure m 42 8 per cent of the cases, decided 
improvement in 48 6 per cent , and in 8 6 per cent tliere was no evi- 
dence of any improvement The hair became normal, myxedema dis- 
appeared and bone deformities decreased Kutschera plotted many 
growth curves, showing that m 377 cases the increase of growth was 
above that of the normal Many clinicians and investigators, however, 
could not bring the growth of cretins up to that of the normal indi- 
vidual Kutschera says that the increase of growth can be taken as 
the best criterion of the value of thyroid therapy 

Pick and Pineles,^® in 1910, reported their results on the activity 
of various laboratory preparations m experimental cretinism in young 
goats With the desiccated thyroid there was a rapid improvement 
A thyroidin preparation was negative m activity On the other hand, 
earlier investigators (Baumann,^® Ewald,^^ Lichtenstern, Magnus 
Levy^®) claim that thyroidin is just as active in removing the symptoms 
of thyroid deficiency as the desiccated thyroid The results of the 
earlier investigators, however, are of little value because their work 
was mostly confined to dogs which died early of parathyroid tetany, 
due to removal of the parathyroids with the thyroids According to 
Pick and Pmeles, the symptoms of cretinism can be controlled by 
feeding thyreoglobulin Oswald^® and Magnus Levy^® also found 
that thyreoglobulin is active Moreover, Pick and Pmeles^® found 
that pepsin and trypsin split products are still effective when diges- 
tion IS not allowed to go on for a long time Long continued diges- 
tion will entirely destroy the thyroid activity If Hunt’s acetomtnl 

14 Kutschera, V (a) Das Groszenwachstum bei Schilddrusenbehandlung 
des endemischen Kretmismus, Wein klm Wchnschr, 1909, xxii, 771, (b) Der 
endemische Kretmismus, seme Ursachen, und seme Behandlung, Wien, Alfred 
Holder, 1911 

15 Pick, E P , and Pmeles, F Untersuchungen uber die Physiologisch 
Wirksame Substanz der Schilddruse, Ztschr f exper Path u Therap, 1909, 
vii, 518 

16 Baumann, E Ueber die Wirksamkeit des Thyroidms, Munchen med 
Wchnschr, 1896, xliii, 476 

17 Ewald, J R , and Rockwell Exstirpation der Thyreoidea an Tauben, 
Pfluger’s Arch f d ges Physiol , 1890, xlvii, 160 

18 Magnus-Levy (a) Uber Myxodem, Ztschr f klm Med , 1904, In, 201 , 
(b) Organtherapie und innere Sekretion, Mod artztl Bibl , Berlin, 1906, (c) 
Die Therapie d Gegenw , 1907 

19 Oswald, A (a) Die Schilddruse und ihr Wirksames Principel, Biochem 
Centralbl , 1903, i, 249, (b) Die Eiweiszkorper der Schilddruse, Ztschr f 
physiol Chem , 1899, xxvn, 14 
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test IS to be taken as a reliable method of judging the activity of a 
given thyroid preparation, then the above results agree with those of 
Koch,^° who determined the activity of different split products of 
thyroid by means of the acetonitril test He found that the thyreo- 
globulins and metaprotein fractions are more active than the original 
product The other products of thyroid hydrolysis, lodothyrin, primary 
and secondary albumose, show a marked decrease of activity Lower 
split products are entirely inactive 

Recently KendalP^ reported some interesting results on certain 
split products of the tliyroid gland which he calls “Extract A” and 
“Extract B ” Extract A affects the nitrogen metabolism, body weight 
and temperature It causes marked tachycardia, nervousness and 
tremors Extract B shows no toxicity The skin and hair become 
entirely normal in human cretins The weakness of muscles, bones 
and joints soon disappear Schaefer^^ found that the addition of 
small amounts of thyroid tissue to the normal diet of white rats causes 
a great increase of food consumption with acceleration of the growth 
curve Recently, Gudernatsch^^ fed fresh thyroid tissue to young 
tadpoles and found that this tissue has the power to excite differentia- 
tion, but it lacks the power to produce growth On the other hand, 
he claims that thymus and spleen cause growth without differentiation 
It IS evident, however, that since the thyroid tissue is rather toxic, as 
Gudernatsch has shown in a later paper, this retardation of growth 
may be due to overfeeding with thyroid tissue 

A STANDARD U S P PRODUCTS^^ 

The cretins were produced experimentally according to the method 
described above Eight cretins from four litters were fed with the 
desiccated thyroid As soon as the symptoms of cretinism appeared, 
which was usually at the beginning of the third or fourth week, thyroid 
feeding was started The thyroid was weighed out m small-size 

20 Koch, F C On the Nature of the lodin-Containing Complex in Thyreo- 
globulin, Jour Biol Chem , 1913, xiv, 101 

21 Kendall, EC (a) Specific Physiological Activity of Certain Constitu- 
ents of the Thyroid Gland, Proc Soc Exper Biol and Med, 1912, x, (b) A 
Method for the Decomposition of Proteins of the Thyroid, with a Description 
of Certain Constituents, Jour Biol Chem , 1915, xx 501 

22 Schaefer, E A The Effects upon Growth and Metabolism of the Addi- 
tion of Small Amounts of Ovarian Tissue, Pituitary and Thyroid to the Normal 
Dietary of White Rats, Quart Jour Exper Physiol , 1912, v, 3 

23 Gudernatsch, J F Feeding Experiments on Tadpoles, Am Jour Physiol 
1914, xxxvi, 370, Am Jour Anat, 1914, xv, 431 

24 Armour’s Standard U S P Desiccated Sheep Thyroid \\as used This 
preparation is fairly uniform in activit}"^ and contains approximately 02 per 
cent lodm in organic combination 
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gelatin capsules Such capsules can be fed without much difficulty 
The initial dose was 0 015 gm given daily Cretin rabbits are very 
susceptible to tliyroid feeding Toxic symptoms develop with much 
smaller doses than with the normal labbit of the same size This is 
evidently due to the absence of the thyroid gland, which normally has 
been shown by Jones and Tatum* to take the oiganic lodm out of the 
blood very quickly The animals were weighed twice a week and if 
there was any evidence of toxicity as shown by the growth curve, and 
otlier symptoms, then the dose was reduced This dose was gradually 
increased By the twentieth week the amount given was on the average 
0 075 gm Great care had to be taken to prevent toxicity because 



Fjg 7 — ^The growth curves of four normal controls, five cretins, and of 
eight cretins which were fed standard U S P thyroid preparations 

usually the animal lost so much weight that it took several weeks 
merely to recover his original weight 

Figure 7 represents the average growth of seventeen rabbits The 
upper curve represents the average growth of the four normal controls 
In this connection it may be said that the variation in growth is neg- 
ligible, making it unnecessary to plot separate curves The growth 
gradually increases up to the twelfth week, after which there is a 
gradual decrease This decrease is most marked from the twentieth to 
the twenty-fourth week The average weight of four normal rabbits 
IS 2,475 gm The lower curve represents the average growth of the 
cretins of the four litters which had not been fed thyroid The varia- 
tion in weight in the four cretins was negligible As can be seen m 
Figure 7, the growth curve increases up to the fifth week, after which 
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there is a gradual retardation of growth This slight diffeience in 
weight from the normal from the second to the fifth week is evidently 
due to the operation The maximum growth is reached at the thirtieth 
week (7% months) The maximum average weight of the cretins 
was 1,175 gm The maximum growth in the normal rabbit is reached 
about SIX weeks before that of the cretin rabbits This was evident m 
all cretins under observation 

The second curve represents the growth of the eight cretin rabbits 
that had been fed thyroid The curve is identical with the normal 
cretins up to the fifth week, after which thei e is a gradual increase, but 
this increase does not approach the normal curve The maximum 
growth IS reached about tlie thirty-second week (8 months) when the 



Fig 8 — Normal control (right) and cretin from same litter fed standard 
thyroid preparation Age, 20 weeks Weight of control, 2,210 gm , of fed 
cretin, 1,860 gm 

weight IS 2,250 gm Growth continues about eight weeks after the 
maximum growth of the noimul rabbit has been reached In no case 
was It possible to reach the growth of normal rabbits, as some investi- 
gators claim to have done This was probably due to the fact that 
feeding experiments are difficult to control because of the lessened 
resistance to the thyroid feeding 

The symptoms of cretinism gradually disappeared The hair 
became smooth and attained the moist, oily appearance of the normal 
rabbit The scaly condition of the skin about the ears and legs dis- 
appeared The pot belly, so characteristic of cretins about the eighth 
week, gradual^ disappeared The animals became more active and 
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the weakness of the muscles, bones and joints was not noticeable after 
SIX weeks’ feeding Deformities of the bones never appeared in any 
of the thyroid-fed rabbits This is evident from a comparison of the 
two rabbits in Figure 8 It represents the typical results of thyroid 
feeding The age of the animals in the litter is 20 weeks The normal 
rabbit on the right weighs 2,210 grams, while the left thyroid-fed 
rabbit weighs 1,860 gm A comparison with the cretin rabbits which 
were not fed thyroid will show the absence of symptoms m the thyroid- 
fed rabbit In all the cretins and Ihyroid-fed rabbits under considera- 
tion, no thyroid tissue was evident at necropsy 



Fjg 9 — Two thyroid-fed cretins Feeding discontinued for five months 


When the thyroid feeding m the cretins is discontinued for some 
time, certain symptoms of thyroid deficiency soon become evident 
This IS evident from Figure 9 Thyroid feeding had been discontinued 
m the two rabbits for five months They appeared perfectly normal 
when the thyroid feeding was stopped The hair soon became dry, 
coarse, and could easily be pulled out m bunches The skin became 
dry, scaly and gradually became eczematous This was most evident 
on forehead, ears, legs and abdomen The weakness of bones, muscles 
and joints also reappeared The animals once more acquired the 
typical symptoms of cretinism, and except for their size, which was 
induced by thyroid feeding, could not be differential from cretins 
which served as controls 
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B FEEDING OF THYROID METAPROTEIN"^ 

The cretins were produced as m the previous experiments The 
results are based on seven rabbits m two litters having two controls 
and five cretins It was found that this preparation was considerably 
more toxic than the standard U S P thyroid, and it was necessary to 
reduce the dose to 0 005 gm , given daily to prevent toxicity This 
dose was gradually increased to 0 05 gm The cretins continued to 
grow till the end of the thirty-second week (eight months), when they 
attained the maximum weight of 1,950 gm This period is a somewhat 
longer growth period than in the normal control 

Figure 10 represents the growth curves of the normal, normal 
cretins, and cretins which were fed the metaprotein compound The 



Fig 10 — The growth curves of two normal controls, two cretins, and of 
three cretins which were fed Koch's metaprotem thyroid product 

normal and cretin growth curves are very similar to those of Figure 7 
The middle curve represents the average growth of the three cretins 
fed with the thyroid metaprotem There is a gradual increase of the 
growth as early as a week following the use of the preparation After 
the sixteenth week there is a gradual decrease of the growth Com- 
paring Figures 7 and 10, it is seen that the increase of growth is not as 
marked with feeding the metaprotem compound as with the standard 

25 This thyroid split product A\as prepared by Dr Koch in the biochemical 
laboratory It is a metaprotem compound prepared from sheep thyroids and 
contains approximately 1 5 per cent of lodin in organic combination As 
tested by the acetonitnl test, Koch found it considerabh more actne than 
standard thyroid preparations 
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U S P preparations This may be explained partly by tlie increased 
difficulty of regulating the dosage because of the greater toxicity of 
the metaprotein over that of the standard U S P product When 
referring to toxicity, I have reference to the symptoms of overfeeding 
or “hyperthyroidism,” namely, diarrhea, tachycardia, tremor and 
nervousness 

C KENDALL'’S THYROID EXTRACT 

The animals used for these experiments were taken from two litters 
having three normal controls and five cretins Three of these cretins 
were fed “Extract B ” It was found that this preparation was non- 
toxic There was no improvement either in the growth curve or in 



Fig 11 — The growth curves of three normal controls and of five cretins, 
three of which were fed Kendall’s Extract B 

any of the other symptoms of cretinism Increasing doses were given 
up to 0 5 gm , with negative results 

In Figure 11, we have the growth curves of normal control and 
cretin rabbits which have been fed Extract B This latter curve is 
identical with that of the normal cretin These curves are very similar 
to those of Figure 1 As far as growth is concerned, these results 
agree with those of Kendall As pointed out before, he claims its 
chief effect in man to be on the hair and skin The weakness of 
muscles, bones and joints, and the mental activity are greatly improved, 

26 Both the chemistry and its physiologic properties are described in the 
recent paper by Kendall 
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according to Kendall On the other hand, my results were entirely 
negative This can be readily seen by comparing A and B of Figure 
12 They represent two cretins and a normal control taken at the age 
of 7 and 20 weeks, respectively A was taken at the age of 7 weeks, 
just before feeding was started The weight of the control was 820 
gm and that of the cretins, 480 and 360 gm , respectively B repre- 
sents the same litter after twelve weeks (three months) of feeding 
with the thyroid Extract B The weight of the control was 2,375 gm 
and of the cretins 1,200 gm and 1,250 gm , respectively The hair, 
skin and pot belly show no improvement The weakness of muscles, 
bones and joints is especially marked 



Fig 12 — A (above) age 7 weeks Normal control weighing 820 gm and 
two cretins weighing 360 and 480 gm , respectively B (below) same litter 
as A after feeding Kendall’s Extract B Age, 20 weeks Normal weighs 
2,375 gm and cretins 1,200 and 1,250 gm , respectivelv 

IV COMMENTS ON THE RESULTS 

The feeding experiments show that experimental cretinism can be 
very effectively controlled by the use of standard tliyroid preparations 
It IS evident from the experiments, that a very small dose given daily 
IS sufficient to supply the physiological needs This amount ranges 
from 0 015 gm given daily at the beginning of the experiment, to 0 075 
gm at the age of 20 weeks Toxicity from thyroid feeding is more 
readily induced in cretins than in normal rabbits of the same age 
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Since it IS known that the thyroid gland has a great chemical affinity 
for lodin and lodin compounds, there would probably seldom be an 
excessive amount of the active principle of the thyroid in the blood 
of normal rabbits This probably accounts for the greater toxicity in 
thyroidectomized rabbits 

Cleavage products piepared from desiccated or fresh thyroids are 
still active if this hydrolysis does not go too far Koch’s metaprotein 
compound containing 1 5 per cent lodin in organic combination is 
more active than standard U S P desiccated thyroid containing about 
0 2 per cent lodm Doses one-third the weight of the standard product 
are sufficient for physiological needs That the activity of thyroid 
preparations depends, within certain limits, on the amount of lodin in 
organic combination, has been shown repeatedly 

Kendall’s Extract B, although containing 40 pei cent of the total 
lodin, has no effect on the growth curve or on the other symptoms of 
cretinism, namely, that of hair, skin and wealmess of muscles, bones, 
and joints This preparation was found to be nontoxic to cretins and 
noimal controls Presumably, hydrolysis has gone too far, and the 
lodm IS not in its normal organic combination 

Transfusion of nonnal blood serum has no effect on the growth 
and the other symptoms of cretinism The animals remained identical 
with the cretins which were not transfused No toxicity resulted from 
the injections The negative results, however, do not disprove the 
theory of an active principle of the thyroid in normal blood It was 
impossible to make more complete or more frequent transfusions 
Furthermore, it is known that the equivalent of only a few milligrams 
of lodin in organic thyroid combination given daily is sufficient for 
normal physiological conditions These results also agree with those 
of other investigators who have applied Hunt’s acetonitril test to 
normal blood with negative results 

Transfusion of “hyperthyroid” blood serum increased growth con- 
siderably The other symptoms, as that of the hair, skin, pot belly, 
weakness of muscles, bones and joints, also showed marked improve- 
ment The increase m growth is, however, not as marked as with the 
feeding experiments This growth curve never reached more than 
two-thirds that of the normal curve The fact that we get marked 
improvement in cretins, however, is direct evidence of the presence of 
an active principle of the thyroid in the blood of “hyperthyroid”-fed 
rabbits It must be granted, however, that these active principles of 
the thyroid probably represent the product absorbed from the gastro- 
intestinal tract and not that of an internal secretion of the animal’s 
own thyroid gland 
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V SUMMARY 

1 Transfusion of normal blood serum into cretins has no effect on 
the condition of cretinism 

2 Transfusion of “hyperthyroid” (thyroid-fed animal’s) blood 
serum into cretins is effective m increasing the growth and m con- 
ti oiling the other symptoms of cretinism The improvement, however, 
IS not as marked as with the thyroid feeding 

3 Standard thyroid preparations (containing 0 2 per cent lodin m 
organic combination), when given in carefully controlled nontoxic 
doses, will increase the growth of cretin rabbits and prevent the devel- 
opment of, or counteract, the other symptoms of cretinism But 
thyroid feeding fails to carry an absolute cretin to full normal stature 
Discontinuing the thyroid feeding leads to a return of some ot the 
cietin symptoms 

4 The thyroid metaprotein of Koch is somewhat more active than 
standard thyroid preparations, but also more toxic 

5 Kendall’s thyroid Extract B has no effect on any of the symp- 
toms of cretinism It is nontoxic, at least in ordinary doses 

6 Cretins are more susceptible than the normal animals to the 
toxic action of thyroid (thyroid feeding) 

7 Cretin rabbits, despite their retarded rate of growth, continue to 
grow for a considerably longer time (four to six weeks) than the con- 
trols of the same litter 

I wish to express my great appreciation to Dr Carlson for valuable sug- 
gestions and criticisms , also to Drs Koch and Kendall who kindly gave me 
samples of their thyioid cleavage products for use in my experiments 
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AGGLUTINATION IN PERTUSSIS 


ITS CHARACTERISTICS AND ITS COMPARATIVE VALUE IN CLINICAL DIAG- 
NOSIS^ AND IN DETERMINATION OF GENUS AND SPECIES " 

OLGA R POVITZKY, MD 

ASSISTED BY 

EDWARD WORTH 

NEW YORK 

' INTRODUCTION 

The work herewith reported is part of a series of studies on per- 
tussis begun by the Bureau of Laboratories of the New York City 
Health Department in 1914 under direction of Dr A W Williams ^ 
The subject of agglutination was taken up chiefly because of the dif- 
ferent reports given by various authors as to the value of agglutination 
and of complement fixation in the early clinical diagnosis of pertussis, 
and because of the comparatively few definite reports made on the 
value of former test 

CRITICAL STATEMENT OF PREVIOUS FACTS 

All authors (at least those who give some details about their work) 
are agreed that agglutinins for B pei tussis may be produced in most 
test animals but statements are vague as to the time and amounts of 
production and the condition under which they are produced 

The general statement is usually made that after several inocula- 
tions made preferably into the peritoneal cavity, the serum of the 
animal showed agglutinins The reports on the strength of the serum, 
if stated at all, is varied Thus Bordet and Gengou- obtained in rabbits 
after four inoculations intraperitoneally a serum which the authors say 
was not as strong as that of the horse which was inoculated many more 
times subcutaneously and intravenously Arnheim® obtained a serum in 
rabbits of 1 to 5,000 strength and in the horse 1 to 10,000, but he 
gave no details of methods and times of inoculation Wollstein^ by 
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intrapei itoneal inoculations obtained a serum in the rabbit up to 1 to 
800 Intravenous inoculations were not successful No details of 
amounts or time of inoculation are given Bacher and Menschikoff,*^ 
Shiga, Imai, Euguclii® found agglutination tests in pertussis of no 
value, as their bacillary emulsions were self-agglutinating 

Wollstein,‘ Frankel,'^ Seiffert,® Arnheim,® found agglutination tests 
of some value m clinical diagnosis of pertussis Renaux® did not think 
it Avorth while to try 

BordeB° finds it of value onl}-^ under certain conditions, namely, the 
organism must be freshly isolated from human sputum and grown on 
rich blood medium The work of Bordet on agglutination \\ ill be dwelt 
on more in detail later 

ORIGINAL WORK 

Our studies may be divided into the following 

1 The determination of the best conditions under which agglutinat- 
ing serum may be obtained m test animals 

2 The comparative value of the test in demonstrating specificity 
of strains isolated by us from human beings suffering from whooping 
cough 

3 To add further evidence as to the comparative value of com- 
plement fixation and agglutination in the clinical diagnosis of pertussis 

1 The P} oduction of AgglnUnms — Rabbits, horses, goats and 
sheep w'ere used by us in producing agglutinins Rabbits and horses 
responded more readily than the goats and sheep, so most of the tests 
have been made with serums from the former animals Practically all 
of the rabbits inoculated (over 95 per cent ) wdiich ha\e remained m 
good health have produced abundant agglutinins for B peitussis, 
though not all equally abundant 

Antigens Used — We have worked with twenty-seven strains of culturally 
and morphologically typical Bordet-Gengou bacilli (B peitussis) with nine 
strains of B influencae, with four strains of B bronchisepUcus, and with four 
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strains of bacilli morphologically similar to B pertussis, but AVith cultural differ- 
ences These strains we call pertussis-like bacilli Living emulsions were used 
for the regular inoculations In the rabbit, antigen evUacts similar to those 
used in the complement fixation test were also tested, as were regulai vaccines 
and sensitized vaccines, for their power to produce agglutinins 

Living cultures of B Pertussis for inoculations were prepared by soaping 
off a forty-eight-hour culture grown on tube slant on Bordet-Gengou medium 
in recently isolated cultures, and on coagulated horse blood glycerin veal agar 
in older strains, and emulsifying in normal salt solution The dose was giadu- 
ated according to age of the culture from isolation and to the kind of culture 
medium used 

The highest virulence for guinea-pigs has been one-half slant of a profuse 
culture inoculated intrapentoneally This initial virulence on the blood-veal- 
agar medium became less after the culture had been grown in successive trans- 
plants on this medium for a year Then one or two slants on coagulated horse 
blood agar were required to kill a guinea-pig of about 200 strains inoculated 
intrapentoneally 

The living cultures of influenza bacilli were grown for forty-eight hours on 
coagulated horse blood agar and then scraped off and emulsified in normal salt 
solution 

The initial dose of B pei tussis and of B influenzae inoculated intrapen- 
toneally into rabbits was from one-eighth to one-half slant The last dose was 
five to SIX cultures on 100 cc Blake bottles 

The pel tussis-hke strains were all on plain veal agar, on which medium they 
grow abundantly The emulsions were made in the same way as the others 
These stiains were very virulent for rabbits, one especially. No 31, which had 
to be given at first in doses of %oo to %o of a slant The last dose was four 
slants 

The antigen extracts were prepared in the same manner as were those for 
complement fixation tests namely, a forty-eight-hour growth of B pertussis 
on coagulated horse-blood-veal-agar medium was scraped off in distilled water, 
shaken for two successive days, brought up in the water bath to 56 C and left 
in the incubator at the same temperature over night , the next day the emulsion 
was centrifuged and the supernatant fluid rendered isotonic by adding 9 per 
cent of salt and was injected into the animals 

The dosage of this antigen was c c intravenously, Vz cc intrapentoneally, 
or 1 c c subcutaneously The dose was gradually increased up to 10 c c The 
toxicity of this antigen was tested and it was found that 5 to 10 c c of it killed 
guinea-pigs 200 gm m weight, inoculated intrapentoneally, in tA\enty-four 
hours , 3 c c had no effect 

The vaccines were made by scraping a forty-eight-hour growth of B per- 
tussis on coagulated horse blood veal agar, emulsifying in physiologic salt solu- 
tion, shaking the emulsion for two successive days and then heating it at 56 C 
for one and one-half hours The initial dosage of the vaccine \\hich was 
usually 15 billions per cubic centimeter strong, Avas % cc intraA enousN, V 2 cc 
intrapentoneally, or 1 c c subcutaneously’’ Its toxicity was such that 10 cc 
of a 15 billion strong A’accine killed guinea-pigs of about 200 gm weight, inocu- 
lated intrapentoneally, in twenty’-four hours , 3 to 5 c c had no effect 

The sensitized vaccines were prepared the same way^ as the killed Aaccincs, 
except that they’ were shaken only one day’, and instead of being heated A\ere 
agglutinated by’ 1 100 immune pertussis serum for one hour in the incubator at 
37 C and were then placed in the ice-box o\er night The next day the precipi- 
tated emulsion vas shaken up (the supernatant fluid is quite clear) and v ashed 
two to three times in physiological salt solution The dosage of this Aaccine 
Avas the same as of the killed one, but it aaus usually 10 instead of 15 billions 
per c c strong Its lethal dosage is still being tested in order to gain more 
explicit data about the coinparatue Airulence of Ining and sensitized pertussis 
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organisms Thus far we have found that 1 40 immune rabbit pertussis serum 
added to 3 c c of a 10 billion per c c strong vaccine prevents the death of 
200 gm guinea-pigs, while the control mixtures of normal rabbit serum added 
to the same amount of emulsion killed the pigs by the next day The emul- 
sions of nonsensitized bacilli in 1 cc doses killed the pigs in twenty-four 
hours The sensitized vaccine organisms remain alive in the ice-box for two 
to three weeks, when the growth gradually decreases , on the fifth week only a 
few colonies are obtained The untreated organism Ines in the ice-box about 
two months More work is being done on the bacterial toxicitj' of these immune 
serums 

Technic of Agghiimation Tests — It is of vast importance to obtain homo- 
geneous emulsions, especially for microscopic tests The importance of the cul- 
ture medium and the subsequent treatment of the cultures for agglutination 
tests has thus far never been dwelt on m detail bv any writer on this subject, 
except perhaps Bordet^ himself, and then only on some phases of it B pertussis 
when recently isolated grows only on Bordet-Gengou medium, but after five to 
SIX geneiations, it grows much more abundantly and characteristically on 
glycerin veal agar 0 4 acid to phenolphthalein, to which horse’s blood (1 to 75 
to 1 to 100) has been added while the agar is very hot (90) The influenza 
bacillus also grows excellently on this medium, with the exception that the 
reaction should be neutral to phenolphthalein Though the pertussis organism 
grows equally well on the neutral medium, it forms an adherent growth which 
cannot be separated from the medium and the acid reaction seems to prevent 
this occurrence The cultures for the tests are taken from a forty-eight-hour 
growth on this acid medium and allowed to grow for twenty-four hours on 
1 to 100 coagulated horse blood veal agar neutial in reaction A twent 3 '-four- 
growth usually is not adherent on neutral medium in the first generation from 
the acid medium The glycerin is omitted for the last growth, as it seems to 
interfere with the reaction Recently isolated strains, of course, must be grown 
on Bordet-Gengou medium The growth is scraped off, not washed off, in 
distilled water and shaken in an electrical shaker for three to four hours A 
standard emulsion is kept in the ice-box, so that the emulsions are always 
uniform The serums are diluted with 0 85 per cent salt in 1 to 10, 25, 50, 100, 
200, 400 parts, etc Each test tube contains Vi c c of the diluted serum and 
% cc of the emulsion, the final dilution being 1 4 The tests are macroscopic 
with the animal serum and microscopic with patient’s serums unless there is 
enough serum for the macroscopic test The test tubes and hanging drops are 
put in the incubator at 37 C for one to two hours and readings made, the 
macroscopic tests are left over night in the ice-box Complete agglutination 
is designated by H — H , incomplete by -k , slight by ± 

With this technic we have not as yet encountered a self-agglutinat- 
ing strain on coagulated horse-blood-veal-agar medium and only in the 
very beginning a few recently isolated strains on Bordet-Gengou 
medium were slightly self-agglutmating (perhaps they were not shaken 
long enough) The glassware must be absolutely clean and antiseptics 
such as mercury chlorid avoided For the examination of patients’ 
serums, one or more strains of B pettussis of known agglutinabihty 
and one influenza strain are used One -recently isolated strain is 
grown on rich Bordet-Gengou medium (according to the suggestion 
from Bordet) , the other on our standard medium (coagulated horse 

11 Bordet, J , and Sleeswyk Serodiagnostic et variabilite des microbes 
suivant le milieu de culture, Ann d I’lnst Pasteur, 1910, xxiv, 476 
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blood veal agar) The last medium as a rule gives the most satisfac- 
tory results, especially for hanging drops, as it invariably forms a 
homogeneous mass of entiiely separated organisms, and when a 
reaction occurs it is quite unmistakable 

Fust Appearance of Agglutinins — Agglutinins, as a rule, did not 
begin to appear in the rabbit until after the sixth or seventh inocula- 
tion , at least in no higher strength than 1 40 or 1 100 After that, 
if the animal kept well, the agglutinins continued to rise with each 
inoculation Most rabbits were sacrificed when they showed fiom 
2,400 to 5,000 titer, which happened usually after the tenth to the 
twelfth inoculation Some of them might possibly have shown a higher 
titer if further inoculated 

Normal rabbits show agglutination in dilution not higher than 
1 25 , sheep and goats 1 40 to 1 100 , horses up to 100 The sheep 
and goats seemed to respond more slowly to the inoculations than the 
rabbits and horses, so they were dropped Two of the three horses — 
one by intravenous, the other by subcutaneous inoculation — showed 
agglutinins up to 2,000 after the third and fourth inoculation Two 
horses are still in the process of immunization 

The injection of living cultures mtraperitoneally seems to be most 
conducive to the development of agglutinins in the rabbit, though now 
and then there is a rabbit found which shows fairly good agglutinations 
after four to six inoculations With killed vaccines, sensitized vaccines 
and antigens, the titer has never become as high as with living 
cultures 

Some of the rabbits inoculated with killed vaccines and more of 
those inoculated with sensitized vaccines and antigens (eight to nine 
inoculations each) did not develop agglutinins to any extent, though 
they were markedly immune Thus, five of such rabbits were injected 
with four to five surface growths of 100 c c bottles without ill effects, 
while the control rabbits died from the same dose or less (three 
bottles) the same day or next morning from acute toxemia Two 
rabbits, more responsive to the vaccines, developed after a few inocula- 
tions a comparatively high agglutination titer — up to 1,000 The low 
titer rabbits were inoculated later with living cultures, and aftei a few 
inoculations showed a high agglutinating power The influenza rab- 
bits did not form agglutinins as readily as did the pertussis rabbits, 
and the titer never reached higher than 1 to 1,600 The accompanying 
table shows the comparative rise of agglutinins and of complement 
fixing bodies in rabbits inoculated with B per tussis, B mflnenaa and 
pertussis-like bacilli 

2 Specificity of Stiains from Whooping Cough Cases — From 
Table 3, which shovs the agglutinative reaction of pertussis serums 
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TABLE 2 — Agglutination Tests of Pertussis Serum with Homoiogous 
AND Heterogeneous Strains — B Influenza, Pi rtussis-Lticf Bacillus 

AND B Bronchisepticus 
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With hetei ogeneous strains and attempt at cross agglutination with B 
mfluema, and pertussis-like bacilli, it would seem that not only do the 
pertussis strains show no relationship to the pertussis-hke strains or to 
the influenza strains, but that all strains of typical pertussis bacilli 
belong to one group This is in marked contrast to the reaction of 
influenza serums which agglutinate most heterogeneous strains in very 
low dilutions or not at all The pertussis-like organisms also show a 
variation in strains Thus of the four strains tried, No 31 and No 1 
seem to be identical The others seem to be quite distinct strains In 


TABLE 3 — Patients' Pertussis Sera 
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no instance is there cross agglutination oi B pertussis serum with B 
influenza, even in 1 40 The serum of the pertussis-hke bacilli and 
the influenza serums sometimes agglutinate B pei tussis in 1 40, but 
never higher Of the four strains of B hi onchiseptxcus used, none 
showed any relationship to pertussis agglutinins The variability of 
hemoglobmophihc strains has been shown by previous work Ahsorp- 

12 Povitzky, Olga R Tests of Hemoglobinopliilic Bacilli from Conjunctivitis 
in Regard to Their Virulence and Their Agglutinating Properties, Collected 
Studies, 1913-1914 
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tion tests verified the supposition gamed from the straight agglutina- 
tion tests, that all pertussis strains belong to one species as far as 
agglutination reactions are concerned In order to do these tests, the 
serum must be saturated by a very thick emulsion, as the least 
agglutinin not absorbed may be shown markedl)’^ by sensitive strains 
more agglutinable than others, and m this way, obscure the test One 
rabbit was inoculated with three strains which we thought might be a 
little different from each other on account of their varied powers to 
agglutinate m weak serums, but by absorption tests they proved to ha^ e 
identical agglutinins for themselves as well as for all the other strains^® 
tested 

Vanahons m Agglntinahihty of Peitussxs Stxains — Though all per- 
tussis strains are practically equally agglutinated by a strong serum, 
individual strains vary m regard to promptness of response, and with 
a weak serum heterogeneous strains may show marked difference m the 
quantity of serum required for a reaction We have often seen the 
phenomenon observed by Bordet and others, of the agglutination of 
heterogeneous strains more strongly than the strain with which the anti- 
serum was obtained This characteristic of B peitiissis is brought 
out more clearly by weak serum Thus, some of our serums from 
rabbits and goats, after a few inoculations, hardly agglutinated their 
homologous strains, while they agglutinated a heterogeneous strain up 
to 1 to 2,000 It IS important, therefore, m testing patients serums 
to use a strain of known agglutmabihty (as m typhoid) 

The difference in the agglutmabihty of different pertussis strains 
was well brought out in the instance of one of our rabbits inoc- 
ulated with three strains, M , 55 and 93 After five inoculations, its 
serum agglutinated strains 93 and M and the heterogeneous strain P D 
up to 200, but not at all Strain 55 After six inoculations, M , 93 and 
P D were agglutinated up to 2,000, and 55 only very slightly in the 
first few dilutions After the ninth inoculation, 55 was agglutinated 
up to 200, while the other strains showed very strong agglutination up 
to 2,400 After the tenth inoculation, all four strains (M , 55, 93, 
P D ) showed very strong agglutination up to 2,400 (no more dilutions 
were tried) After eleven inoculations, all strains were agglutinated 
up to 4,000 (no higher dilutions tried) After the twelfth inoculation, 
agglutinins for all three hemologous strains and twelve other strains 
tried were 1 to 10,000 m a trial serum It would seem that only a very 
strong serum could overcome the sluggishness of Strain 55 Another 
strain of this kind is No 163 Rabbits inoculated with 155, 154 and 
163 showed very high agglutination with both Strains 154 and 155 
before 163 was agglutinated 
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Another interesting feature in the agglutinations of B pertussis 
IS that when a mixture of strains is used in making the emulsions for 
agglutination, the reaction occurs more promptly than when each strain 
is used alone Why this occurs we do not yet know. Because of it, 
we are making comparative tests with a mixture of three or more 
pertussis strains m emulsion and a one-stram emulsion for testing 
patients’ serums 

According to Bordet,^® the age of a culture from date of isolation 
influences the agglutinating property of B pertussis He cites an 
experiment in which he tested a pertussis serum stored m the ice-box 
for four years with its homologous strain kept' transplanted all these 
years on Bordet-Gengou medium No agglutination occurred though 
this strain was highly agglutinated by the same serum four years ago 
The natural conclusion at first was that the serum had lost its potency, 
but when it was tested with a freshly isolated strain it gave a strong 
agglutinating reaction Bordet, therefore, advocates for testing 
patients’ serums for agglutination to use freshly isolated cultures 
grown on rich blood medium 

In our experience we have found that while freshly isolated strains 
on Bordet-Gengou medium are quite responsive to a strong serum, the 
most readily agglutmable strains are a few that were isolated one to 
one and one-half years ago, and which grow best at present on our 
standard coagulated horse-blood-veal-agar medium Of course we 
cannot predict how much modified these strains may be in four years 

Relationship of Culture Mediums to Agglutination — BordeB’- 
states that animals inoculated with B peitussis grown on Bordet- 
Gengou medium develop agglutinins for B pertussis grown only on the 
same medium, not for the organism grown on plain agar, and vice 
versa He also states that by absorption tests he found that these two 
agglutinins were not the same 

In testing these experiments, we worked with three mediums 
Bordet-Gengou, coagulated horse-blood-veal-agar, and plain veal-agar 
(only two of our strains grow well on plain agar thus far) When 
working with weak serums (serums which do not give a prompt reac- 
tion in the incubator at one and one-half hours, though they may 
agglutinate up to 2,400 the next morning) and freshly isolated strains, 
we were impressed by the truth of Bordet’s statements Thus Horse 
1, injected three times with two strains grown on Bordet-Gengou 
medium, did not agglutinate the same strains grown on coagulated 
horse blood veal agar, but agglutinated these very strains up to 2,000 
when they were grown on Bordet-Gengou medium , but the same serum 
agglutinated our older agglutmable strain grown on coagulated horse 
blood veal agar m just as high dilutions On the other hand, a rabbit 
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inoculated with a well agglutinable strain grown on plain veal agai 
after six to seven inoculations, agglutinated up to 2,000 equally well the 
same strain grown on each of the three mediums Absoiption tests 
did not seem to bear out the statement that the agglutinins were dif- 
ferent From our expeiience it would seem that the culture medium 
influences an agglutinable strain m so far as it affects its growth and 
best development, not m its production of different kinds of agglutinins 
The lecent strains grow well only on Bordet-Gengou medium and are, 
therefore, nioie agglutinable on this medium than when grown on 
coagulated horse blood veal agar, on which they glow in the beginning 
very scantily The sluggish strains which groiv well on either medium 
seem to be influenced by the culture mediums when tested with weak 
serums Thus, the serum of the same horse injected with cultures on 
Bordet-Gengou medium, which agglutinated an easily agglutinable old 
strain on coagulated horse blood veal agar, did not agglutinate a slug- 
gish strain on the same medium (though it grows on it profusely) but 
agglutinated it when it was grown on Boi det-Gengou medium 

A strong serum, therefore, m our experience, agglutinated equally 
well, though may be not equally promptly, all strains, sensitive and 
sluggish, no matter on what medium grown 

Compaiative Value of Complement F‘ixaUon and Agglutination 
Tests m the Diffei entiahon of Stiains — Agglutinins as a rule (as 
mentioned before) did not begin to show in the rabbit in any marked 
degree till after the sixth or seventh inoculation, while complement 
fixation antibodies, as seen from the accompanying table, usually 
appeared after the fourth inoculation, but also showed a higher titer 
after the eighth to ninth inoculation Though complement fixation 
and agglutination outside of the time limit ran quite parallel, namely, 
most of the animals which show high complement titer show also strong 
agglutinins, there were rabbits which showed high complement titer and 
no agglutination, and at times vice versa Especially was this the case 
when the rabbit showed a very high complement titer after a few 
inoculations Thus Rabbit 28 inoculated with B pertussis, after the 
fourth inoculation showed a complement titer of 0 0003, and agglutina- 
tion only 1 40 On the other hand, Rabbit 92 showed complement 
titer of 0 001 while it agglutinated up to 5,200 Many influenza rabbits 
showed a high complement titer and very little or no agglutination 
On the whole, however, agglutinins m pertussis rabbits, though pro- 
duced more slowly, were produced more regularly and more surely 
than were complement-fixing substances 

From our observations we conclude that the agglutination of B 
peitussis by artificially produced immune serum gwes a more clear- 
cut difterentiation from pertussis-like bacilli and from hemoglobmo- 
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philic bacilli than does complement fixation which shows a cross fixa- 
tion 111 low dilutions with some of these latter organisms (Olmstead 
and Povitzky^^) 

3 The Comparative Value of Agglutination and Complement Fixa- 
tion in the Clinical Diagnosis of Peitussis — Serums from 59 cases of 
pertussis m various stages of the disease were tested for agglutinins 
These results, also the results of control serums of adults suffering v 
from different diseases, and of children with scarlet fever are given m 
Table 3 

We see by this table that we cannot depend on agglutination as a 
positive guide to diagnosis m dilutions up to 1 to 100 If, however, 
the reaction at 1 to 100 is very prompt (in an hour at 37 C ) and com- 
plete, it may be considered suspicious, since m none of the contiols did 
the reaction recorded occur quickly When a reaction occurs in dilu- 
tions of 1 to 200, it indicates a probable recent infection with B 
pel tussis 

Unfortunately, we did not always get enough serum from patients 
to test both agglutination and complement fixation, so our compara- 
tive table IS not of the same cases, but the series of those tested for 
complement fixation is taken from those quoted m the paper of Olm- 
stead and LuttingeP^ that did not receive vaccines According to this 
tabulation, a positive specific complement fixation did not occur quite 
as frequently in the first week as did agglutination at 1 to 200 On 
the other hand, out of fifty-one control serums of adults, only two 
showed a positive reaction by complement fixation while about 33 per 
cent showed a reaction up to 1 40 by agglutination tests and about 
17 per cent showed a reaction 1 100 Control children serums showed 
m 40 per cent a reaction in 1 40 

Only three out of the fifty-nine pertussis serums showed agglutina- 
tion with B influenzae, two in 1 40 and one in 1 200 in the first week 
of the whoop 

The control serums showed agglutination with B influenzae only 
in two cases in 1 40, while complement fixation showed fixation with 
influenza quite frequently 

SUMMARY 

1 A strongly agglutinating pertussis serum was best obtained in 
the rabbit by ten to twelve intrapentoneal inoculations of living cul- 
tures given at seven-day intervals Over 95 per cent of rabbits, inocu- 
lated in this manner, produced agglutinins, though not in equal abun- 

13 Olmstead, Miriam P , and Povitzky, Olga R The Complement Fixation 
of Bordet-Gengou Bacillus, Jour Med Research, 1915 

14 Olmstead, Miriam P , and Luttinger, Paul Complement Fixation in Per- 
tussis, The Archives Int Med, 1915, xvi, 1 
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dance Agglutinins are also produced by vaccines, but not as abun- 
dantly as by living cultures Those rabbits which received eight 
to nine inoculations of vaccine and did not show agglutinins to any 
large extent, were, nevertheless, markedly immune 

A high titer serum (from 1 4,000 to 1 10,000) always proved to 
be a quickly acting serum which reacted in from one to one and one-half 
hours 111 the incubator at 37 C , sometimes up to 1 8,000, with well 
agglutinable pertussis strains 

A low titer serum was usually slow in reaction and did not show 
agglutination till after remaining in the ice-box over night 

2 By agglutination tests, B potussts strains can be specifically 
identified from hemoglobinophilic bacilli, pertussis-like bacilli, and B 
h onchisepticus In no instance was there cross agglutination between 
these organisms — at least not higher than 1 40 For identification a 
strong serum of high titer should be used 

3 By these tests it would also seem that all pertussis strains isolated 
in our laboratory belong to one group A strong serum agglutinated 
all our pertussis strains (twenty-seven in number) equally well though 
not equally promptly in the highest dilution Absorption tests (tried 
in seven most variable strains), proved the supposition gained by the 
straight agglutination tests 

4 The variation of the agglutinability of pertussis strains with 
weaker serums depends very much on the age of the culture (dating 
from isolation) and culture medium Freshly isolated strains are beat 
agglutinable on Bordet-Gengou medium , older strains on our standard 
coagulated blood veal agar 

6 A strong serum agglutinates equally well, though not equally 
promptly, all strains, no matter on what medium grown and how slug- 
gish the strain is 

6 Agglutination tests in clinical diagnosis of pertussis compares 
favorably with complement fixation only in the first week of the whoop 
In the later stages of the disease complement fixation antibodies appear 
more frequently than agglutinins 

7 Thirty-three per cent of adult nonpertussis serums show aggluti- 
nation in up to 1 40, 17 per cent in up to 100, 40 per cent of chil- 
dren’s nonpertussis serums (scarlet fever cases) showed a reaction in 
up to 1 40 A dilution of not less than 1 200 is necessary for a prac- 
tically positive diagnosis of pertussis by agglutination test 



THE PERMANGANATE REDUCTION INDEX OF 
CEREBROSPINAL FLUID 

W O HOFFMAN, MD, and A B SCHWARTZ, MD 

CHICAGO 

Children frequently exhibit meningeal symptoms as a manifesta- 
tion of diseases other than meningitis The frequency of such symp- 
toms seems to vaiy in inverse proportion to the age of the child 
Thus, infants may show meningeal symptoms in association with 
almost any disease, while in older children, these symptoms are usually 
seen only m diseases involving the brain or meninges Notwithstand- 
ing the value of a bacteriological examination, cell count and globulin 
estimation on spinal fluid, clear fluids are quite frequently obtained 
on which these examinations throw no light The great variability 
m the cytology of the cerebrospinal fluid under the same conditions 
and the difficulty often encountered m demonstrating the presence of 
micro-organisms in a clear fluid, make every new aid to diag- 
nosis welcome 

It IS particularly in the cases with clear fluids that the perman- 
ganate reduction test of Mayerhofer is often of great assistance in 
diagnosis The principle of the test, an old one used in water analysis, 
was adapted b}’- Mayerhofer^ for the examination of the cerebrospinal 
fluid He found that because of their higher content of organic sub- 
stances, pathological fluids would reduce a larger quantity of per- 
manganate solution than normal fluids The amount of decmormal 
permanganate solution, which, boiled for ten minutes in a strongly 
acid medium is reduced by 1 c c of cerebrospinal fluid, he called the 
Permanganate Reduction Index This amount was usually below 2 
m normal fluids, Mayerhofer placing the border line of normal and 
pathological fluids between 2 and 2 3 He applied the test particu- 
larly to fluids from patients with tuberculous meningitis, in which a 
high index was practically the rule 

We have determined this index on the cerebrospinal fluids 
obtained from patients presenting meningeal symptoms, admitted to 
the hospital for a number of different conditions In some of the 
cases, several determinations were made As a rule, we confined our 

* Submitted for publication Oct 20, 1915 

*From the Otbo S A Sprague Memorial Institute Laboratory of the Chil- 
dren’s Memorial Hospital 

1 Mayerhofer, E Zur Charactenstik und Differential diagnose des Liquor 
Cerebrospmalis, Wien klin Wchnschr , 1910, xxiii, 651 



294 


THE ARCHIVES OF INTERNAL MEDICINE 


tests to fluids which were practically clear, also eliminating fluids 
which contained blood A few examinations of turbid fluids are given 
simply to show the constancy of high index values in such fluids We 
did not determine the index on vaiious portions of the same fluid, as 
suggested by Mayeihofei, but used a sample of the entire fluid 
obtained at one lumbar puncture The titration was done as soon as 
possible after withdrawal of the fluid, since, as the author of the 
test notes, changes occur m fluids on standing which give erroneous 
results 

While the determination of the Permanganate Reduction Index 
does not possess the conclusiveness of a specific test, indices usually 
fall into certain groups, eliminating or suggesting certain diseases 
In our series of cases, a reduction index of over 2 5 in a clear fluid, 
almost invariably indicated the presence of an actual inflammatory 
process of the brain or meninges, usually a tuberculous meningitis 
Other conditions which may, with clear fluid, give high indices, are 
encephalitis, serous meningitis, and poliomyelitis, practically the same 
conditions emphasized by Lucas- as gn mg similai cytological findings 

We examined 17 fluids (Table 1) from patients with tuberculous 
meningitis Thirty single tests were done on these cases Of these, 
16 had an index above 3, 13 were between 2 5 and 3 , only one was 
below 2 5 This case with an index of 2 3, which is the highest of 
the border line readings given by Mayerhofer, on a subsequent punc- 
ture gave an index of 3 1 While it is true that all of these cases could 
have been diagnosed without the test, in some cases, the early appear- 
ance of the high index is most striking 

A comparison of the cell counts with the reduction index of these 
fluids shows no definite relationship between the two The cell counts 
varied from 30 to 500 per c mm While, in an individual case, the 
cell count may show corresponding fluctuations with the reduction 
index, a comparison of two separate cases shows no such similarity 
Thus, in Case 1 with an index of 2 7, the cell count is 30, in Case 22 
with an index of 2 5, the cell count is 406 Furthermore, the height 
of the reduction index seems to vary much more noticeably with the 
course of the disease than does the cell count The counts were made 
on the fresh fluid, employing an ordinary white cell counter, using 10 
per cent acetic acid for the dilution Our results lead us to confirm 
the inconstancy of cytological findings, as has been noted bj’’ Kafka^ 
and others 

2 Lucas, W P The Non-Specificity of the Cyto-Findings in the Spinal 
Fluid in Various Meningeal Conditions, Especially in Children, Am Jour Dis 
Child , 1911, i, 230 

3 Kafka, V Ueber den heutigen stand der Liquordiagnostik, Munchen 
med Wchnschr , 1915, Ixii, 105 
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TABLE 1 — Fluids from Patients with Tuberculous 

Meningitis 


Case No 

Cell Count 

Globulin 

Index 

1 

30 

+ 

27 

2 

125 

"b 

36 




38 

7 

280 

+ 

33 

11 

325 

+ 

32 

17 

270 

+ 

25 

16 

80 




150 

+ 

30 


160 






26 

20 

187 


28 


137 

+ 

26 


312 


27 




23 

21 

no 

+ 

31 




25 

22 

214 




406 

+ 

. 25 


350 


25 

23 

175 

1 



220 

- + 

32 


420 


57-^ 

24 

175 

1 

4- 

31 

25 

216 

1 



316 

+ 

32 


500 



32 

50 

i 

28 

1 

70 

+ 

29 


100 


32 


100 


28 

33 

167 




211 

1 

1 



193 

1 -1- 

37 


77 




205 



37 

40 

+ 

29 

55 

200 


60 


218 


43 




53 

5^ ^ 





? 

? 

1 

37 


■*= Slightly turbid 
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A positive globulin test was a constant finding in these cases, but 
the quantitative value of this test being only approximate, prevents it 
from having the same significance as the reduction index 

Othe] Fomis of Memngihs — The reduction index was determined 
on the fluids from eight cases of epidemic meningitis These fluids 
varied from cleai to very turbid The index was above 3 m all but 
one fluid, a clear fluid with an index of 2 4 In one case despite a 
clear fluid, the index remained constantly above 3 A high index may 
be of value from the standpoint of piognosis, since as pointed out by 
Mayerhofei, the index m meningococcus meningitis, declines after 
administration of serum in favorable cases, despite the high i eduction 
value of the serum itself Two cases of streptococcus meningitis gave 
indices of 2 7 and 4 8, respectively The fluid from a patient with 
pachymeningitis hemorrhagica mteina, which was bloody on numerous 
punctures, and from which the meningococcus was isolated, finally 
became deal The fluid showed an occasional red blood cell micro- 
scopically Globulin reaction was positive, cell count 50 The index 
was 3 4 

Pohomyehtis — The index was determined on three cases of acute 
poliomyelitis The readings varied from 2 5 to 3 3 in the acute stage, 
showing a decline coincident with the disappearance of acute symp- 
toms 

Se') OHS MemngiUs and Encephalitis — In his original article on the 
reduction index, Mayerhofer paiticularly emphasized the value of 
the test in the differentiation of tuberculous meningitis from serous 
meningitis, or meningismus associated with infectious diseases 
Simon,'^ in a critical article, denied its value m these cases Simon 
records the index findings in five patients with meningeal symptoms 
associated with pneumonia His readings varied from 2 1 to 2 8 In 
none of these cases did meningitis develop, all but one clearing up 
This particular case on postmortem examination showed no patho- 
logical changes in the brain or spinal cord In a subsequent article, 
Mayerhofer,® answering Simon’s criticism, stresses the value of deter- 
minations made on separate parts of the same fluid the fluid in tuber- 
culous meningitis giving a higher index in the latter portion, while 
the reverse is true in serous meningitis Furthermore, he stated® that 
in mild serous meningitis, a high index, if obtained, remained so for 

4 Simon, G Zur Untersuchung des Liquor cerebrospinalis nach Mayer- 
liofer, Wien klin Wchnschr , 1911, xxiv, 94 

5 Mayerhofer, E Kntische Bemerkungen zur Arbeit von G Simon uber 
meine Methode der Permanganattitration des Liquor cerebrospinalis, Wien 
klin Wchnschr, 1911, xxiv, 205 

6 Mayerhofer, E , and Neubauer, R Ueber Meningitis Tuberculosa und 
Meningitis serosa, Ztschr f Kinderh , 1912, in, 155 
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only a short time In the malignant cases, he claimed a prognostic 
value for the high index, illustrated by his Case 119, one of enteritis 
gravissima m which the index was persistently high On postmortem 
examination, a “hyperemia leptomeningum gravis et hyperemia 
cerebri” was found 

From our experience with the reduction index in such cases, we 
doubt the advisability of laying down any fast rules m regard to the 
findings m this condition Table 2 gives the character of cases we 
have classified under this heading The determinations varied from 

TABLE 2 — Serous Meningitis and Encephalitis 


Case No 

Index 

Symptoms 

Diagnosis 

14 

23 

Pam on flexion of neck 
Hyperesthesia S u g g e stive 
Kernig’s sign 

Septicemia, strep- 
tococcic 

15 

23 

Marked rigidity of neck Pain 
on flexion of head Positive 
Kernig’s sign 

Pneumonia, lobar 

27 

2 25 

Strabismus, rigidity of neck 
Tense fontanel Positive 
Kernig’s sign 

Post operative 
spina bifida 

30 

24 

Convulsions Restlessness 
Changed mentality 

T u b e r c ulosis of 
spine and tuber- 
culosis, pulmon- 
ary 

48 

18 

Meningeal symptoms 

Pneumonia, lobar 

49 

29 

18 

Marked meningeal symptoms at 
first reading Disappearance 
of these at second reading 

Pneumonia, lobar 

50 

20 

“Meningeal symptoms’’ 

Pneumonia, lobar 


very low to moderately high This variation seems to indicate quite a 
difference m the severity of what we are pleased to call serous menin- 
gitis While routine cultures from the spinal fluid of some of these 
cases showed no micro-organisms, it seems quite probable that actual 
changes do occur in the meninges during so-called meningismus asso- 
ciated with the infectious diseases, which account for the variability 
encountered in the permanganate reduction index The work of 
Rohdenburg' seems to refute Quincke’s® original idea that serous 

7 Rohdenburg, G L and Vander Veer, A The Spinal Fluid m Pneu- 
monia Jour Am Aled Assn , 1915, Ixiv, 1227 

8 Quincke H Ueber Meningitis serosa, Samml klin Vortr, Leipzig 
1893, p 655 
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meningitis is not associated with infection by micro-organisms All 
but one of the cases gave bordeihne readings Case 49, at the outset 
showed marked meningeal symptoms The cell count was 147, of 
which 71 per cent weie polymorphonucleai s The globulin reaction 
was positive On the decline of meningeal symptoms, the index 
became 18 It seems reasonable to suppose that the meninges in such 
a patient actually undergo an inflammatoiy leaction as found by 
Voisin ° 

Cases 27 and 30 came to necropsy The first developed meningeal 
symptoms a few days following an opeiation for spina bifida Rigid- 
ity of the neck, strabismus, a tense fontanel, and a positive Kernig’s 
sign were present A ventricular puncture was done Twenty cubic 
centimeteis of cleai fluid were removed under greatly increased pres- 
sure The cell count was 3, the globulin i eaction was negative Post- 
mortem examination showed a marked edema of the brain, marked 
internal hydrocephalus and hypeiemia of the entire brain 

The second case was one of Pott’s disease with pulmonary tuber- 
culosis A few days after admission, the patient had a sex ere convul- 
sion, folloxving xvhich irregular txvitchmg of the facial muscles 
occurred for sex'^eral days The patient acted peculiarly, xx^as talkative 
and restless On lumbar puncture, 20 c c of clear fluid xvere obtained 
under pressure The cell count xx^as 10, globulin negative Three days 
later lumbar puncture xvas repeated xvith similar findings, except that 
the Noguchi globulin test shoxved a faint turbidity Postmortem 
examination revealed a hyperemia of the cortex and base of the brain 
The French school of pediatricians have noted the great frequency of 
encephalitis in children, and Lucas has called attention to the occa- 
sional similarity of findings in the cerebrospinal fluid of encephalitis 
and tuberculous meningitis It is possible that the cases detailed above 
belong to this class 

In one of the cases of congenital lues xvhich occurred in our series, 
lumbai puncture xvas performed folloxving the development of menin- 
geal symptoms The cell count xx^as 1, the globulin negative, index 2 3 
In this instance the actual presence of pathological change xvas shoxvn 
only by the index and confirmed by postmortem examination, xvhich 
revealed an edema of the pia over the entire cortex and base, and an 
excess of cerebrospinal fluid On the left side, at the Sylvian fissure, 
there xvas an inflammatory exudate Pehu^° has recently called atten- 
tion to the occurrence of encephalitis associated xvith congenital syph- 
ilis, xxdnch differs pathologically in no respect from ordinary enceph- 

9 A^oism, R Maladies des meninges, Pans, 1912, p 21S 

10 Pehu and Gardere Sur un cas d’encephalite aigue avec presence du 
Treponeme du Niveau des lesions. Arch de med d *Enf , 1915, xviii, 330 
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alitis Several similar cases occuried m our series Clinically they 
resembled the picture of encephalitis The indices were either border- 
line or high readings 

Btain Tumor — In no other condition was the value of the Per- 
manganate Reduction Index as strikingly demonstrated as m a case 
of brain tumor observed by one of us In this case, the index 
remained persistently low, while from the clinical picture, the diagnosis 
of tuberculous meningitis, later, that of solitary tubercle, had been 
made by several able clinicians The postmortem examination revealed 
a tumor of the cerebellum 

Case 1 — Histoiy — B N, aged 2^4 years, male, was first seen Feb 11, 1914 
Family history Father and mother living and well Grandmother had cough, 
but was never in contact with the child 

Past Histoiy — Nursed one year Repeated “colds” all last winter 
Pi esent Illness — Has lost 7 pounds in the last seven weeks Has had irregu- 
lar fever to 101, vomiting “now and then,” becoming more marked Bowels 
costive , chronic headache , no cough Routine examination reveals nothing 
abnormal except emaciation, no rigidity of neck No Kernig’s sign 

Blood Examination Red cells, 5 million, white cells, 16,000, hemoglobin, 
75 per cent , 

Feb 14, 1914 Ophthalmoscopic examination shows choked disk Lumbar 
puncture gives opalescent fluid, 330 cells per c mm , lymphocytes predominant 
No micro-organisms on culture or smear preparation Pirquet definitely positive 
Feb 17, 1914 Slight rigidity of neck Suggestive Kernig’s sign on left 
side, not present on right side Babinski present on left side, not present on 
right side Marked , ataxia Romberg in sitting posture Spinal fluid exami- 
nation shows same findings as on previous examinations 

Feb 18, 1914 Fluid not under pressure Still opalescent Reduction index 
1 7 Physical examination as noted 

Feb 21, 1914 Fluid not under pressure Patient better Trace of blood in 
cerebrospinal fluid , index 1 8 

Feb 24, 1914 Fluid clear, no micro-organisms , index 1 9 Wassermann on 
fluid weakly positive Lange test (see Chart, Fig 1) 

Feb 28, 1914 Fluid clear Index 19 Lange test (Chart, Fig 2) 

March 2, 1914 Fluid clear Blood serum, Wassermann weakly positive 
Lange test (Chart, Fig 3) 

March 9, 1914 Index 1 S Lange test (Chart, Fig 4) 

March 17, 1914 Index 1 S Lange test negative in all dilutions 
April 16, 1914 Cerebellar symptoms 

April 18, 1914 Index 1 3 Lange test negative in all dilutions 

May 9, 1914 Clear fluid Index 1 7 

May 25, 1914 Index 2 Wassermann on fluid negative 

Postmortem Examination — ^Anatomical diagnosis. Ependymal 

glioma Internal hydrocephalus 

The following case, though lacking the finality of a postmortem 
examination, bears a resemblance to the case just noted However, 
it IS quite possible that it is one of solitary tubercle, with low indices, 
as reported by Mayerhofer 

Case 2 — Hisfoiy — I L, girl aged 4V2 years, was admitted to the Children’s 
jSIemorial Hospital, Feb 4, 1915 






o c 
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Family Histoiy — Father and mother living and well, two other children 
well No tuberculosis in family Mother had one miscarriage 

Past History — Birth and infancy normal At 6 weeks patient had pertussis 
followed by pneumonia 

Present Illness — Patient has been ill since the early part of December, 1914 
Vomits once or twice daily Has no appetite Fever present for a few days 
Occasional chills Constipated Strabismus for four weeks Coughed three 
weeks ago but not now Restless at night Drowsy and stupid during the day 
Has lost considerable weight 

Physical Examination — Patient is a fairly well developed and nourished 
girl Answers questions “Wants to go home” “Wants mamma” 

Eyes Internal strabismus, right eye, pupils alike, react to light and are 
regular 

Tonsils slightly enlarged 

Heart sounds irregular Breath sounds normal Abdomen scaphoid Liver 
felt at costal margin Spleen not felt No adenopathy No paralysis Knee- 
jerks absent Brudzinski’s sign present Kermg’s sign not present Slight 
rigidity oi neck 

Blood Examination Red cells, 5,240,000, white cells, 9,000, hemoglobin, 80 
per cent 

Differential Count Polymorphonuclears, 60 per cent , small mononuclears, 
38 per cent , large mononuclears, 2 per cent 
Wassermann negative 

Feb 4, 1915 Lumbar puncture, 30 cc clear fluid, cell count 25, mononu- 
clears predominating Globulin test negative 

Feb 5, 1915 Lumbar puncture, 5 cc clear fluid Globulin test negative 
Index 1 7 

Feb 6, 1915 Von Pirquet negative 
Feb 8, 1915 Von Pirquet negative 

Feb 8, 1915 Ophthalmoscopic examination Choked disk, both eyes 
Roentgen Examination of Chest Negative, except for slight mottling at 
the lung roots 

Lumbar Puncture Ten cc clear fluid, cell count 30, globulin test negative 
Index 2 Lange test (Chart, Fig 5) 

Feb 9, 1915 Sits up all the time Hides eyes Seems depressed No sub- 
jective complaints Knee-jerks present both sides No Kernig's nor Brudzinski's 
sign present Neck is slightly rigid Walks with slight ataxic gait No Rom- 
berg sign Babinski’s sign present on both sides , left more marked than right 
No clonus 

Feb 15, 1915 Lumbar puncture 20 cc clear fluid, cell count 30, poly- 
nuclears and mononuclears equal Globulin test negative Index 1 9 
Feb 19, 1915 Lumbar puncture 8 c c clear fluid Index 2 
Feb 23, 1915 Clonus present on right side Knee-jerk absent on right side 
Clonus absent on left side Knee-jerk increased on left side 

Feb 24, 1915 Ophthalmoscopic examination shows less choked disk 
Feb 27, 1915 Condition piactically unchanged Brudzinski’s sign present 
Knee-jerks present both sides 

March 5, 1915 Lumbar puncture cell count 16, globulin test negative No 
tubercle bacilli demonstrated in any fluids Fluid centnfugalized and VA cc 
of sediment injected intrapentoneally into guinea-pig Lange test (Chart, 
Fig 6) 

March 9, 1915 Patient decidedly worse Marked retraction of head Vomits 
frequently Sighing respiration Answers when addressed No change m 
physical examination Temperature normal throughout entire stay Taken 
home against advice 
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Death two weeks later 

Necropsy on guinea-pig performed five weeks after injection Pig had 
gained 75 gm No gross lesions of tuberculosis evident 

Another very similar case, which ended fatally, occurred in oui 
senes The index remained low Gumea-pig injection with the spinal 
fluid was negative The patient having been taken home against 
advice one day before death, prevented postmoitem examination 
Table 3 gives a vaiiety of conditions associated with convulsions 
occuriing in our series The low index values occurring in these cases 
are self-explanatoiy 


TABLE 3 — Fluids froai Patilnts with Diseasls Other Thax 

Meningitis 


Case 

Diagnosis 

Index 

8 

Cystitis 

16 

9 

Little’s disease 

20 

10 

Tetany 

13 

18 

Otitis media 

21 

19 

Convulsions (undiagnosed) 

19 

26 

Convulsions Andiagnosed) 

21 

34 

Cerebral syphilis 

19 

35 

Amaurotic family idiocy 

19 

51 

Meningismus (undiagnosed) 

16 

52 

E B (no meningeal symptoms) 

16 


CONCLUSIONS 

The permanganate reduction index of Mayerhofer was determined 
on the spinal fluids obtained from patients admitted to the hospital 
for a number of different conditions Indices classif}^ themselves into 
three groups 

1 Low indices, below 2 

2 Borderline indices, between 2 and 2 5 

3 High indices, above 2 5 

All normal fluids or fluids obtained from patients presenting con- 
vulsions or other meningeal symptoms without actual inflammation of 
the brain or meninges give low indices A few such conditions are 
tabulated in Table 3 Such an index may be obtained in brain tumor 

Borderline indices may occur in the early stage of an inflammatory 
process, involving the brain or meninges, in serous meningitis, enceph- 
alitis or other conditions associated with hyperemia of the brain High 
indices, if constant, almost invariably indicate an actual inflammatory 
process of the brain or meninges The two diseases most likely occur- 
ring with such indices are tuberculous meningitis and acute poliomye- 
litis The Mayerhofer test possesses a distinct value in the examina- 
tion of the cerebrospinal fluid 
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TREATMENT OF TYPHOID FEVER BY INTRAVENOUS 
INJECTIONS OF POLYVALENT SENSITIZED 
TYPHOID VACCINE SEDIMENT 

STUDIES IN TYPHOID IMMUNIZATION Vn 

FREDERICK P GAY, MD 

BCRKCLEY, CALIF 
AND 

HENRY T CHICKERING, MD 

ROCKEFELLER HOSPITAL, NEW YORK 

Since the work of FraenkeP in 1893, killed prepaiations of the 
typhoid bacillus have been injected subcutaneously as a means of 
treatment in typhoid fever Little interest was at first awakened by 
the suggestive results of Fraenkel except m a discussion of the 
specificity of his treatment (Rumpf,^ Kraus and Buswell,® Presser In 
1902 Petruschy^ used a combination of vaccine and immune serum m 
typhoid, and in 1908 Pescarolo and Quadrone® advocated the use of a 
living, avirulent typhoid culture Following the interest m vaccine 
therapy awakened by Wright, increasingly frequent reports on the 
possible value of typhoid vaccines m typhoid fever have appealed In 
1912 Callison'’' summarized the results obtained by numerous authors, 
chiefly English and American, in 747 cases, and m 1915 Krumbhaar 

* Submitted for publication Nov 29, 1915 

’’'From the Hearst Laboratory of Pathology and Bacteriology, University 
of California 

=* For previous studies see The Archives Int Med, 1913, xii, 613, 1913, 
XU, 622 , 1914, xiii, 471 , 1914, xiv, 662 , 1914, xiv, 671 This work was rendered 
possible by a donation for research from an alumnus of the University of 
California, and further facilitated by a grant from the Rockefeller Institute 
for Medical Research 

1 Fraenkel, E Ueber spezifische Bchandlung des abdominal Typhus, 
Deutsch med Wchnschr , 1893, xix, 985 

2 Rumpf, T Die Behandlung des Typhus abdommalis mit abgetodteten 
Cultures des bacillus Pyocyaneus, Deutsch med Wchnschr , 1893, xix, 987 

3 Kraus, F , and Buswell, H C Ueber die Behandlung des Tj^phus abdomi- 
nalis mit abgetodteten Pyocyaneus Culturen, Wien klm Wchnschr, 1894, vn, 
511, 595 

4 Presser, L Ueber die Behandlung des Typhus abdommalis mit Injek- 
tionen von Culturflussigkeiten von Bac T\phi und Bac P}OC 3 'aneus, Ztschr f 
Heilk , 1895, xvi, 113 

5 Petruschy, J Spezifische Behandlung des abdominal Typhus, Deutsch 
med Wchnschr , 1902, xxviii, 212 

6 Pescarolo, B . and Quadrone, C Aktiv Immunisation durch subcutane 
Injektionen lebenden T 5 'phus bazillen bei Eberthscher Infektion, Zentralbl f 
inn Med , 1908, xxix, 989 

7 Callison, J G The Therapeutic Use of Vaccines in Tiphoid Feier 
Am Jour kled Sc 1912, cxliv, 350 
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and Richardson® could collect over 1,800 cases reported on by forty 
authors It is known that man)'’ physicians, and probably an increasing 
number of them, use vaccines m typhoid because they find they do no 
harm and they believe them to do some good The best studied groups 
of cases treated in this mannei, however, give ground for little 
unrestrained enthusiasm, and certainly no claim that any such type of 
specific therapy has been attained as is the case in diphtheria and 
epidemic meningitis The best that may be said is that the ordinary 
type of killed typhoid vaccine administered subcutaneously m controlled 
groups of cases may cause a shortening of the course of the disease, a 
lower mortality, and perhaps fewer relapses and complications We 
purposely refrain from further analysis of the ordinary type of vaccine 
therapy which has been described, since we are to deal with methods 
and results which we believe constitute a new era in the specific 
treatment of typhoid fever 

In the last few months reports on the intravenous injection of 
ordinary heat-killed \accine (Thiroloix and Bardon,® Kraus and 
Mazza^°) and particularly on the intravenous injection of sensitized 
vaccines (Ichikawa^^) in typhoid fever, have led us to anticipate a far 
more hopeful future m combating this disease than has hitherto seemed 
likely Before proceeding to a consideration of the results recorded 
by several authors in actual cases, we may be pardoned for repeating 
the experimental evidence by which we were led to a practical con- 
sideration of this problem before most of these observations were made 

In a previous article m this series Gay and Claypole^^ described a 
new and specific form of hyperleukocytosis which occurs in immunized 
rabbits on intravenous reinjection of the specific antigen (bacteria, red 
blood cells, serum) We found, for example, that the injection of 
living typhoid bacilli, or of typhoid vaccine in a typhoid immune rabbit, 
caused the leukocytes to fall in the first two or three hours and then to 
rise to critical levels that occurred at about the twelfth and again at the 
twenty-eighth hour At the latter period leukocyte counts of 150,000 
per cubic millimeter were not uncommon, a surprising rise from the 
normal count of from 8,000 to 12,000, and one that has not been 

8 Krumbhaar and Richardson The Value of Typhoid Vaccine in the Treat- 
ment of Typhoid Fever, Am Jour Med Sc , 1915, cxlix, 406 

9 Thiroloix and Bardon Vaccm Typhique intraveineux, Centralbl f Bakt 
Ref , 1914, lx, 212 (3d ref ) 

10 Kraus, R, and Mazza, S Zur Frage der Vakzmetherapie des Typhus 
abdominahs, Deutsch med Wchnschr , 1914, xl, 1556 

11 Ichikawa, S Mitteil d med Gesellsch, zu Osaka, April, 1912, x, No 5, 
Abortive Treatment of Typhoid and Paratyphoid, Sei-I-Kwai Med Jour , 
Tokyo, 1914, xxxni, No 12, p 73, or Ztschr f Immumtatsforsch , 1914, xxiii, 32 

12 Gay, F P , and Claypole, E J Specific Hyperleukocytosis Studies in 
Typhoid Immunization, IV, The Archives Int Med , 1914, xiv, 662 
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attained, so far as we are aware, by other experimental methods These 
hyperleukocytic crises, moreover, are coincident with the destruction 
of the typhoid bacillus in the immune animal, and would appear to be 
the cause of it The same dose of typhoid bacilli in a noimal rabbit 
produces a distinct but markedly lower grade of hyperleukocytosis We 
logically regarded the extreme grade of hyperleukocytosis as dependent 
on the presence of antibodies (tropins) m the immune animal, an 
hypothesis that we were able to verify by obtaining similar results in 
normal rabbits by the use of tropmized (sensitized) cultures of B 
typhosus, that is to say, cultures that had been treated with an immune 
serum From these experiments it seemed reasonable to express the 
opinion that the intravenous injection of sensitized typhoid vaccine 
offered a possibly successful method of treating typhoid fever As a 
preliminary to the intended application of the sensitized typhoid vaccine 
sediment, which we advocate for prophylactic use against typhoid 
fever,^^ m the treatment of this disease, we tested its curative effect in 
rabbits that had been made “carriers” of the typhoid bacillus A few 
of these animals were apparently freed of the typhoid bacillus by the 
intravenous injection of the sensitized vaccine, that a majority of 
them remained unaffected is due to the inaccessibility of the micro- 
organism in the gallbladder of such carrier rabbits Further pre- 
liminary experiments have shown us that relatively large doses of 
sensitized typhoid vaccine can be given with safety directly into the 
circulation of rabbits and monkeys, and even when these animals have 
been partially immunized against B typhosus The latter condition, 
owing to the presence of agglutinins, was aimed to simulate the condi- 
tion in typhoid fever 

On the basis of this experimental evidence accumulated in 1913 and 
1914, we were prepared to attempt treatment of human cases, but no 
opportunity presented itself until early in 1915 Since February of 
this year we have been privileged to examine over 100 cases of clinically 
suspected typhoid, to carry out in most of them our own laboratory 
examinations, and to cooperate in the treatment of the great majority 
of them in which a diagnosis of typhoid fever could be fully confirmed 

13 Gay, F P , and Claypole, E J Specific Hyperleukocytosis Studies in 
Typhoid Immunization, IV, The Archives Int Med , 1914, xiv, 669 

14 Gay, F P , and Claypole, E J An Experimental Study of Methods of 
Prophylactic Immunization Against Typhoid Fever Studies in Typhoid Immu- 
nization, V, The Archives Iht Med , 1914, xiv, 671 

15 Gay, F P, and Claypole, E J The “Tjphoid Carrier” State in Rabbits 
as a Method of Determining the Comparative Immunizing Value of Prepara- 
tions of the Typhoid Bacillus Studies m Typhoid Immunization, I, The 
Archhes Int Med , 1913, xii, 613 

16 It ma}”- be of interest to note in this connection that efforts made to 
produce typhoid earners m Macacus rhesus monkej's by injecting large doses 
of living culture directly into the circulation have failed 



306 


THE ARCHIVES OF INTERNAL MEDICINE 


This study has been made possible by the heai ty interest and coopera- 
tion of over fifty physicians in Berkeley, Oakland, San Francisco and 
their environs 

We may now proceed to a brief discussion of the results of other 
mvestigatoi s who have made use of the recent innovations in the vaccine 
treatment of typhoid, leaving analysis of details of method and result 
for compaiison with our own records Recent results with sub- 
cutaneous injection of unsensitized vaccine are purposely omitted, 
however favorable 

Sensitized Typhoid Vaccines Employed Subcutaneously — 
Besredka^® suggested m 1902 the use of dead or living bacteria that 
had previously been treated with an immune serum, the excess of 
which was subsequently removed, as means of producing active 
immunity without severe reaction In 1911 Metchnikoff and Besredka^® 
on the basis of experiments on anthropoid apes, advocated the use of 
living sensitized typhoid vaccines as the best prophylactic against 
typhoid fever and then subsequent results”® would seem to indicate 
that they are as good or better than the ordinary vaccine for this 
purpose These living sensitized cultures have also been employed 
subcutaneously in the treatment of typhoid fever during the last few 
years by several French observers We find reports by Ardm-Delteil, 
Negre and Raynaud,”^ Boinet,®^ Delearde and Leborgne,^® Sable, 

17 We wisli to express our deepest appreciation to the following physicians 
who have placed cases at our disposal for this study Drs E N Ewer, Dudley 
Smith, George L Reinle, C A DePuy, E M Lundegaard, C A Queirolo, A 
Liliencrantz, Guy H Lihencrantz, M L Emerson, A F Clarke, W H Irwin, 
E A Majors, H A Mackmson, A M Shade, C S Powell, C H Rowe, E G 
Simon, C R Krone, F M Sylvester, A S Kelly, J M Shannon, W H 
Streitmann, E von Adelung and P F Abbott of Oakland , Frank W Simpson, 
May H Sampson, Robert Hector, A M Meads, L A Alartin, F H Van Tassell, 
J J Benton, J M Beuckers, H S Delamere, M F Toner, R Paroni, R T 
Legge, H W Crane, Sheffield, W A Wood, T C McCleave of Berkeley, 
J K Hamilton, R E Burns and H M Pond of Alameda, H C Miller, C A 
Wills of San Leandro , H C Moffitt, Wm P Lucas, Geo E Ebright, P K 
Brown, Chas A Pauson, Fred G Burrows, R L Wilbur, G H Evans, and 
R D MacKinnon, San Francisco, and L L Stanley, San Quentin 

18 Besredka, A De Timmunisation active centre la peste, le cholera et 
I’lnfection typhique, Ann d ITnst Pasteur, 1902, xvi, 918 

19 Metchnikoff, E , and Besredka, A Recherches sur la fievre typhoide 
experimentale, Ann de ITnst Pasteur, 1911, xxv, 193, Des vaccinations anti- 
typhiques. Ibid , p 865 

20 Metchnikoff, E , and Besredka, A Des vaccinations antityphiques, Ann 
de ITnst Pasteur, 1913, xxvii, 597 

21 Ardin-Delteil, Negre, L, and Raynaud, Maurice Sur la vaccmotherapie 
de la fievre typhoide, Compt rend Acad d sc, 1912, clx, 1174, Recherches sur 
les reactions humorales des malades atteints de fievre typhoide traites par le 
vaccin de Besredka, Compt rend Soc de biol , 1913, Ixxiv, 371 

22 Boinet Vaccmotherapie de la fievre typhoide par le virus sensibilise de 
Besredka, Compt rend Soc de biol , 1913, Ixxiv, 507 

23 Delearde and Leborgne Province med , June 21, 1913, p 273 

24 Sable Jour d sc med de Lille, July, 1913, No 38, p 25, No 29, p 49 
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Netter,^^ Roques^® and Alfaro,^’' FeistmanteP® and Garbat“° have 
employed other preparations of killed sensitized vaccines In these, as 
in the later cases, the criteria of improvement differ with individuals 
and are hard to compare 

Unsensitized Vaccme Administered Intravenously — Several 
different preparations of killed typhoid vaccine have been tried 
intravenously but Vincent’s polyvalent ether-killed autolysate has been 
used m the greatest number of cases Following the brief communica- 
tion of Thiroloix and Bardon'’ m 1913, articles have appeared by Kraus 
and Mazza,^° Kraus, Biedl,®’- Csernel and Marton,®^ Rhein,^^ 
Reibmayr,®^ Mazza,^'^ Holler,®'^ Lowy, Lucksch and Wilhelm, 
Pauhcek,®® Ditthorn and Schultz^® and McWilliams This intravenous 
injection of typhoid vaccme gives a definite reaction which if certain 
limits of dosage are exceeded may be alarming or dangerous We 
shall consider this reaction in more detail later 

Sensitised Vaccine Administered Intravenously — So far as we are 
aware, three types of sensitized typhoid vaccme have been employed 

25 Netter Bull et mem Soc med d hop , July 24, 1913, p 126 

26 Roques Contribution a 1’ etude de la vaccinotherapie de la fievre typhoide 
par le virus-vaccin sensibilise antityphique vivant de Besredka, Theses Uni- 
versity of Toulouse, 1913, Ed Ch Dirion 

27 Alfaro, A Rev Soc Med Argentina, 1913, p 683 

28 Feistmantel, C Ueber Prophylaxie und Therapie des Typhus Abdominalis 
mittels Impfstoffen, Wien klin Wchschr , 1915, xxviii, 230 

29 Garbat, A L Sensitized Versus Nonsensitized Typhoid Bacteria in the 
Prophylaxis and Treatment of Typhoid Fever, Jour Am Med Assn , 1915, 
Ixiv, 489 

30 Kraus, R Bemerkungen ueber Schutzimpfungen und eine Bakterio- 
therapie des Typhus abdominalis, Wien klin Wchnschr , 1914, xxvii, 1443 

31 Biedl, A (Letter to Paltauf) Zur Vakzinetherapie des Typhus abdom- 
inalis, Wien klin Wchnschr, 1915, xxviii, 125, Therapeutische Verwendung von 
Typhus-Impfstoffen beim Menschen, Prag med Wchnschr , 1915, xl, 53 

32 Csernel, E , and Marton, A Die Therapie des abdominal Typhus mit 
nicht sensibilisieter Vakzine, Wien klin Wchnschr , 1915, xxviii, 229 , Die 
Behandlung des typhus abdominalis mit nicht sensibilisieter Vakzine, Ibid , p 733 

33 Rhein, M Zur Bakteriotherapie des Typhus abdominalis, Munchen med 
Wchnschr, 1915, Ixii, 427 

34 Reibmayr, H Ueber Impfstoffbehandlung des Typhus abdominalis auf 
intravenosem Wege, Munchen med Wchnschr , 1915, Ixii, 610 

35 Mazza, S Die Bakteriotherapie des T 3 ^phus abdominalis, Wien klin 
Wchnschr, 1915, xxviii, 64 

36 Holler, G Zur Vakzinetherapie des Typhus abdominalis, Ztschr f klin 
Med , 1915, Ixxxi, 462 , Erfahrungen uber Bakteriotherapie des Typhus abdom- 
iiialis, Med klin , 1915, xi, 639 and 668 

37 Lowy, R, Lucksch, F, and Wilhelm, E Zur Vakzinetherapie des Tjphus 
abdominalis, Wien klin Wchnschr, 1915, xxviii, 756 

38 Paulicek, E Zur Frage der Tj'phusheihmpfungen, Wien klin Wchnschr , 
1915, XXVIII, 759 

39 Ditthorn, F, and Schultz, W Zur Antigenbehandlung des Tjphus, IMed 
Kim , 1915, XI, 100 

40 McWilliams, H I Treatment of Tj'phoid Fever with T 3 phoid Vaccine 
Administered Intravenous^, New York Med Rec, Oct 16, 1915, p 648 
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for intravenous administration in typhoid fever Ichikawa/^ who 
began this type of treatment (1913), used recent cultures of B typhosus 
sensitized by the serum of patients recovering from typhoid fever and 
killed, or at least attenuated, by the addition of phenol A similar 
method has been employed by ICoi any i A considerable series of 
cases have since been treated by Biedl,®^ Eggerth,^” Sladek and 
Kotlowski,*^ Boral,“ Holler,'® Lowy, Luksch and Wilhelm,®' and F 
Meyer, who, for the most part, ha\c employed the Besredka living 
sensitized vaccine 

Any comparison of the lesults of treatment by these thiee most 
recent methods on the basis of percentage benefited, is at best only of 
suggestive value As already stated, the ciiteria on which an estimation 
of benefit is based vary and no absolute standard is possible, nor do 
mortality figures offer any conclusive results, but they may be added 
foi completeness since they are at least more definite than any estimated 
benefit Since many of the deaths in typhoid are, properly speaking, 
accidental (hemorrhage, perforations) they cannot be used correctly as 
criteria of the efficiency of treatment, particularly in those patients that 
are treated fairly late in the disease where such evolving lesions could 
not reasonably be affected 

1 

TABLE 1 — Summary of Recent Cases or Typhoid Fever Reported as 
Treated by Newer Methods of Vaccine Treatment 




Number 

Benefited 

Mortality 



Authors 

Cases 

Per Cent 

Per Cent 

1 

Cases treated by subcutaneous 

in- 





jection of sensitized vaccine 

11 

253 

57 t 

71 

2 

Cases treated by intravenous 

in- 





jection of untreated vaccine 

14 

259 

63 

19 * 

3 

Cases treated by intravenous 

in- 





jection of sensitized vaccine 

8 

207 

818 

96 


* Due in part to inclusion of a 

large number of 

war cases by Paulicek’® where 


delayed transportation from the front increased mortalitj’^ 
t Of 201 cases 


This summary would suggest that the best method of treatment of 
the three would be the intravenous injection of living sensitized vaccine 
as based on a higher percentage of benefit and lower mortalit)’’ than the 
intravenous injection of unsensitized vaccine Individual reports would 

41 Koranyi, A V Zur Vakzinebehandlung des Typhus abdominahs, Wien 
khn Wchnschr , 1915, xxviii, 85 

42 Eggerth, H Zur Vakzmetherapie des Typhus abdominahs, (Letter pub- 
lished by Paltauf), Wien khn Wchnschr, 1915, xxviii, 126 

43 Sladek, J , and Kotlowski, St Zur Vakzmetherapie des Typhus abdom- 
mahs, Wien khn Wchnschr , 1915, xxviii, 389 

44 Boral, H Beitr zur Frage der Typhustherapie mit Besredka-Vakzine, 
Wien klin Wchnschr , 1915, xxviii, 415 

45 Meyer, F Spezifische Typhusbehandlung, Berl khn Wchnschr , 1915, 
111 , 677 
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indicate that this difference is really more marked than the summary 
would show, owing to the fact that the benefit in the third category is 
more likely to be in the nature of an abortive cure with critical fall of 
temperature rather than a gradual amelioration and lysis of the fever 
Moreover, several authors who have used two or more of the methods 
do not hesitate unanimously to favor the intravenous over the subcuta- 
neous method and sensitized vaccine over the unsensitized (Holler,®® 
Thiroloix and Bardon,® Biedl,®^ Meyer, Lowy, Lucksch and 
Wilhelm 

PERSONAL CASES 

Owing to the irregular conditions under which our cases occurred in 
the hospital or home practice of a number of different physicians, it 
has been necessary for our own records to esablish the diagnosis to our 
own satisfaction by a uniform method It has also been a pleasure to 
be able to cooperate in a relatively large number of cases in the 
differential diagnosis of typhoid fever from other infections, on the 
basis of laboratory examinations Although there is no need of defend- 
ing the value of laboratory methods as aiding in the diagnosis of typhoid 
fever, it may still be pertinent to express the value of a complete series 
of negative examinations as tending to exclude typhoid even m the 
presence of a temporary clinical appearance of the disease This is 
particularly important in view of the fact that the laboratory diagnosis 
in general practice depends almost entirely on a Widal reaction alone, 
and that often performed in a not wholly accurate manner We wish, 
incidentally, therefore, to contribute our laboratory results in the 
differential diagnosis of typhoid, before considermg the treatment of 
those cases in which the diagnosis was positive 

We have carried out laboratory examinations on 105 cases of 
suspected typhoid fever which may be subdivided as follows 


Total number of cases examined 105 

Cases of proved typhoid 65 

Cases of typhoid not included as treated 12 

Cases treated as suggested 53 


Method of Laboratory Examtnatton — ^With few exceptions in the earlier part 
of the investigation, the routine laboratory examination of each case has been 
as follows 

1 Blood Ciiltuie — Ten cc of blood, taken from a vein at the elbow, after 
proper preparation of the skin with lodin, are mixed with 200 c c. of 10 per 
cent bile broth In a number of cases the relative intensity of the bacteriemia 
was estimated by plating 1 or 2 c c in melted agar (10 c c ) The broth 
cultures were examined daily to the tenth day or until positive Organisms of 
correct morphology for the typhoid bacillus were identified by the usual cul- 
tural methods in several sugars (glucose and lactose particularly) and in htmus 
milk Final diagnosis of a suspected organism depended on agglutination by 
an antityphoid serum of high potency 

2 Widal — Two to 5 cc of blood were placed in a sterile conical centrifuge 
tube and allowed to clot By centnfugalization the serum could then soon 
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be separated and freed from the blood cells A senes of dilutions beginning 
1 10 in a total volume of 1 cc of saline was then made running usually to 
1 640 or higher when indicated To each tube there was then added a drop 
of a thick standard saline suspension of a stock strain of B typhosus grown 
on agar bottles in large amount and killed and preserved by the addition of 
0 1 per cent formaldeliyd (40 per cent ) A positive reaction is present in 
a few hours at room temperature in the lower dilutions, but the final results 
are read from complete sedimentation of the bacteria with clear supernatant 
fluid on the following day This type of macroscopic test gives no pseudo 
reactions even in a dilution of 1 10 and very rarely to a prezone of inhibition 
This low dilution therefore may be regarded as diagnostic of typhoid fever 
(except in vaccinated cases) 

In the few cases in which both Widal and blood culture were negative, 
the typhoid bacillus was sought for in stools and urine 

Method of Isolation of B Typhosus fioiii Stools and Urine — The well 
known method of smearing direct from stools on successive litmus lactose 
agar plates was employed After incubation, suspicious transparent blue colonies 
were then transferred to agar and sub-cultures made on glucose and lactose 
media and on litmus milk Agglutination tests witli anti-typhoid scrum and 
paratyphoid “a” and “b” serum of known titer were then made Enriching 
with 10 per cent liile broth w'as also tried, a loopful of the liquid part of the 
stool or 1 c c of urine being added to 5 c c of bile broth Subsequently plates 
were made as before 

Cases of Pioved Typhoid — Of the sixty-five cases accepted as 
typhoid on the basis of laboratory examination, the Widal was positive 
in sixty (93 7 per cent ) , including cases in which the examination was 
made as early as the fifth day Of blood cultures taken in fifty-eight 
of these cases there were forty positive (70 per cent ) including cases 
taken as late as the thirty-second day 

In One Case Only of this Set les wei e Both Wtdal and Blood Cultni e 
Negative — In this case the diagnosis was based on the presence of 
B typhosus in the stools 

In this series of sixty-five cases are included two cases of infection 
due to B paf atyphosus “b,” one of which was treated and one of which 
refused treatment by the method to be described 

Cases of Proved Typhoid That Weie Not Tieated — There are 
twelve cases among the sixty-five of proved typhoid that were not 
included among the treated patients for the following reasons 


Cases 


No records obtainable from ph 3 ’sician 3 

Patients died before laboratory diagnosis was complete 2 ^ 

Post typhoid osteomyelitis 1 

Temperature beginning to fall 2 

Refused treatment 1 

Intravenous injection could not be given 2 

Still under treatment 1 


These cases are mentioned to emphasize the fact that no choice was 
exercised in the cases treated In every case tn zvluch the diagnosis 
was ceitainly typhoid the patient zuas tieated if possible except in the 
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instances m ivhich a falling feinpcratni e might lead to an iiinvai i anted 
conclusion of benefit pi odiiccd by the iicatment 

There remain foity patients examined in which the clinical diagnosis 
o£ suspected typhoid could not be confiimed by laboratory examina- 
tions It IS of interest to note that none of these patients gave a positive 
Widal in dilution of 1 10 b}’’ the method described The blood cultures 
were negative in all In five of the clinically more promising cases the 
stools and urine were also negative From the point of view of the 
accuiac} of the laboratoiy examinations it is of interest to note that on 
the basis of further laboiatory examinations and their clinical course, 
thirty-six could be excluded as definitely not typhoid From their 
interest in the matter of differential diagnosis it may be of value to 
catalogue these cases as follows 

Cases 


Malaria 6 

Tuberculosis 4 

Brief unknown infections 4 

Respirator} infections 4 

Trichinosis 2 

Influenra 2 


and one each of the following Infection following abortion, erysipelas, 
tonsillitis, measles, prostatitis, postoperative infection of the nose, 
appendicitis, pleurisy, coryza, phaiyngitis, normal, endocarditis, cystitis, 
constipation 

There remain then four cases which, on the basis of excellent clinical 
evidence alone and in absence of confirmatory laboratoiy proof, may 
still fiom one point of view be classed as typhoid These cases are not 
included in our treated series on the ground of not being certainly 
proved typhoid It may be remarked, however, that two of these 
patients were treated and both lecoveicd abiuptly with a single intra- 
\ enous injection of our vaccine They would, therefore, if added to our 
series, simply increase the percentage of favorable results 

We have then a series of fifty-three cases of typhoid fever in which 
the clinical diagnosis was fully verified by laboiatory examination and 
in which it was possible to carry out specific treatment as intended 
Owing to the extremely variable conditions undei which these cases 
have been studied, both in hospitals and homes, it has been manifestly 
impossible in many instances to cany out as complete examinations 
from the laboratory point of view as could be desired The general 
conduct of the cases from the point of view of diet, hydrotheiapy and 
othei palliative measures, we have not been able, or, indeed, wished to 
control The variations, then, from the standpoint of general treatment 
are precisely those which one might expect from the logically different 
conceptions of the disease found in any group of fifty physicians The ^ 
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conduct of the vaccine treatment has, howevei, owing to the uniform 
courtesy of those who have allowed us the privilege of this study, been 
developed from our own experience and the interpretations are again 
our own We can only feel that if a similar group of cases could be 
studied and treated under a uniform set of conditions, that the 
undoubtedly beneficial results which we attribute to this specific treat- 
ment would only be enhanced 

METHOD OF TREATMENT 

The typhoid vaccine we have used in the treatment of these cases of 
typhoid fever is one that has already been advocated foi the pro- 
phylactic immunization of human beings by Gay and Claypole It 
consists of the ground sediment of a mixed polyvalent vaccine that has 
been sensitized by an antityphoid serum and then killed and pi ecipitated 
by alcohol From this ground culture the endotoxins are extracted by 
carbolated saline solution and the lemaining sediment of bacterial bodies 
alone used On the basis of experimental results this vaccine was 
found to be superior for protecting rabbits against infection with the 
typhoid bacillus as compared with other types of vaccine coinmonl} 
employed, including Besredka’s living sensitized \ accine In the 
practical use for prophylactic purposes of this vaccine m man it has 
been shown that it produces less symptomatic disturbance on inocula- 
tion (Force^®) and may be regarded as more protective against typhoid 
fever in civil communities than several other types of commercial 
vaccine (Sawyer^'^) as judged by the incidence of typhoid fever among 
the vaccinated That the protection afforded by this vaccine employed 
in civil communities is relative and not so perfect as that hitherto 
obtained in the United States Army we do not regard as proof that this 
vaccine may not be as superior to other types of vaccine, including 
Army vaccine, in practical civil conditions of human infection, as our 
experimental results in animals would lead us to expect 

This polyvalent, sensitized typhoid vaccine sediment is administered 
for prophylactic purposes in doses of a suspension of 1/10 mg of 
dried bacteria, which corresponds to an original bacteria count of about 
750 millions Such a dose when given subcutaneously in a normal 
individual very rarely pioduces more than a slight local reaction For 
therapeutic purposes we have given doses intravenously ranging from 
1/100 to 1/10 mg, most of the doses being between 1/50 and 
1/25 mg (150 to 300 million bacteria) Such a dose when administered 
intravenously produces a series of distinct symptoms which vary 

46 Force, J N Institutional Vaccination Against Tvphoid Fever, Am Jour 
Pub Health, 1913, in, 750 

47 Sawyer, W A The Efficiency of Various Antityphoid Vaccines, Jour 
Am Med Assn , 1915, Ixv, 1413 
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markedly in intensity with individuals and which are apparently similar 
in normal and typhoid cases Although our symptoms aie like those 
described by recent wiiteis who have used the intravenous method for 
either sensitized or unsensitized dead cultures, it is reasonable to 
assume that m aliquot parts our vaccine should be less toxic owing to 
the absti action of the endotoxins from the ground bacteria This 
lesser toxicity seems to have been proved by our results Although the 
upper range of doses mentioned may provoke alarming symptoms in 
the more susceptible individuals, it may be stated at once that m over 
150 doses which we have administered no eventual or even temporary 
harm seems to have been done to the patient It seems necessary to 
produce a moderate reaction to bring about the desired results Before 
discussing the symptoms that have been noted we may present 
the record of a typical scvo e reaction produced in a normal individual 
who \olunteered for the puipose 


S B H , male, aged 27, had never had typhoid fever or been vaccinated 
against typhoid In good health Oct 28, 1915, given 180 million sensitized 
vaccine lntra^ enously 

Leukocyte count before the injection, 6,600, polymorphonuclears, 54 per 
cent , lymphocytes, 28 per cent ; large mononuclears, 18 per cent Tem- 
perature, 100 F. 

One half hour after injection patient had a general shaking chill lasting 
thirty minutes Patient was not cyanotic but had slight respiratory distress 
due to muscle spasm Patient vomited twice after chill was over Tempera- 
ture rose gradually to a maximum of 1044 three hours after injection and 
then fell to 102 4 at the fifth hour and 97 6 at the tenth hour It had returned 
to 992 in twenty hours, where it remained Pulse rose to 120 

Leukocyte counts following injection were as follows 


Hours After 

No 

One 

4,200 

Three 

7,900 

Five 

8,800 

Ten 

12,000 

Twelve 

12,200 

Fourteen 

15,400 

Sixteen 

16,600 

Eighteen 

14,000 

Twenty 

12,000 

Twenty-two 

11,000 

Thirty-six 

11,600 

Sixty 

11,000 


Polys 

Per 

Lymphs 

Per 

Large 


Cent 

Cent 

Monos 

Eosin 

70 

22 

8 


88 

6 

6 


89 

6 

5 


80 

10 

10 


75 

11 

14 


71 

16 

13 


52 

15 

32 

1 

74 

8 

18 


60 

17 

23 


50 

6 

44 


25 

22 

52 

1 

42 

27 

31 



This reaction in a normal individual is similar to the one produced 
in a case of typhoid fever, though distinctly more severe than the 
average 

A composite picture of the tram of symptoms that follows the 
intravenous injection of our sensitized vaccine given in proper dosage 
IS as follows 
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A chill occurs beginning in one half houi to one lioui and lasting 
from a few minutes to ten or fifteen This chill is accompanied by a 
rise 111 temperature of 1 to 3 degrees, which reaches its height within 
three hours after injection, and then falls There may be a rise of 
temperature without chill The rise in temperature is accompanied by 
a leukopenia as low as 2,000 to 3,000 per cubic millimeter, which may 
be preceded by a very transitor}' hyperleukocytosis during the chill 
The chill IS accompanied by an increase in the pulse rate (say to 120) 
Slight cyanosis, slight respiratory distress and frequently discomfort 
may occur 

The fall m temperature reaches normal or subnormal (as low as 94 
F per rectum) in about twelve hours This fall in temperature is 
accompanied by sweating, which may be profuse and last for several 
hours, relaxation, and usually general amelioration of such symptoms 
as headache, delirium and the like The patient often feels perfectly 
well and demands food and even when this condition is transitory it 
would seem to be beneficial Coincidently there is a rise in leukocytes 
which may reach as high as 40,000 and frequently 15,000 to 20,000 
This IS represented by a relative polymorphonuclear increase of 
80 to 90 per cent This hyperleukocytosis is the more striking in view 
of the characteristic leukopenia of typhoid This particular reaction, 
which we regard as of peculiar significance, was predictable from our 
experimental results in rabbits and mentioned in a preliminary com- 
munication It has since been touched on by tloller®'^ and confirmed 
fully by McW illiams 

In four instances we feel that the dose administered was too large 
for the individual case and in such instances there may be vomiting, 
cyanosis and even symptoms of collapse, with irregular heart action 
In one case in which 800 million were given by another’s mistake, there 
was partial collapse and small hemorrhages in the mouth reported 

The possible dangers of the intravenous method of treatment, 
whether with unsensitized or with sensitized vaccines, have been men- 
tioned by a number of recent authors It should be stated that unfav- 
orable reports are based on the use of vaccines more toxic than the one 
we have employed and the criticisms when severe have been based on 
a very limited experience Thus Borak^ had a single patient who died 
three days after intravenous injection of the Besredka vaccine, in 
which case the outcome was attributed, for no specific reason, to the 
vaccine Sladek and Kotlowskk^ urge caution owing to possible danger 
of collapse Deutsclk® had one patient who died with meningeal 

48 Gay, F P Abortive Treatment of Typhoid Fever by Sensitized Typhoid 
Vaccine Sediment, Jour Am Med Assn , 1915, Ixv, 322 

49 Deutsch, F Zur Vakzinebehandlung des Typhus abdominalis, Wien klin 
Wchnschr , 1915, xxviii, 810 
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symptoms five days after treatment BiedP^ noted increase of epistaxis 
111 two of his patients Csernel and Maiton^^ believe the intravenous 
injections aie contiamdicated in hemorrhage, perfoiation, cholecystitis 
and cases with ii regular heart action It seems evident that with grow- 
ing experience the danger decreases (Koranyi^) and we aie inclined 
to believe with Hollei^*’’ that the dangei lies not so much in the method 
as 111 the physician who administeis the vaccine Of the authors 
mentioned, it is interesting to note that only one (Deutsch) really 
abandoned the intravenous route 

It would seem evident from the symptoms that we have described 
that great caution should be used in choosing the dose to be employed 
with particular regaid to the existence of such existing complications as 
abnormal cardiac functioning and hemorrhage VV e have not seen any 
contraindication in the presence of slight bronchial or broncho- 
pneumonic mvohement and have proceeded cautiously with the treat- 
ment in four such cases We have further treated one patient in ^yhom 
hemorrhage had begun without increasing it 

No detailed method of procedure can be prescribed m treating a 
given case of typhoid fever b}^ our sensitized sediment The best 
results seem to be obtained by piovoking a distinct but not too severe 
reaction of the type outlined, characterized particulaily by a tempera- 
ture excursion and hyperleukocytosis The dose necessary to produce 
such a result varies markedly with the individual and with the par- 
ticular balance already established between the infecting agent and 
resisting host A single injection may be all that is necessary to restore 
the individual to an essentially normal condition as judged from the 
temperature chart, and as has been mentioned, the subjective symptoms 
follow the fever The temperature may drop to normal following the 
initial rise and remain there, in which case no further injections are 
necessary, except perhaps to prevent relapse As a rule, however, the 
most favorable type of lapid return to normal is a matter of two or 
three days instead of twenty-four hours, and we have usually waited 
this longer period before repeating the treatment 

We had best leave further discussion of the variations in method of 
treatment until we have given our results as a whole, together with such 
correlations as present themselves between the results produced and 
the blood findings before and after injection 

Our cases may be readily divided in respect to results, into three 
rather sharply defined groups, which we herewith exemplify by the 
appended type charts (Figs 1-3) 

Group I Relatively Unaffected Cases — This group comprises 
eighteen, or 34 per cent of our cases Each and all of the successive 
treatments in these cases, although frequently resulting in temperature 
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excursion, liyperleukocytosis, and the other symptoms, apparently 
produce no permanent result so far as shortening the course of the 
disease is concerned It is not strictly speaking exact to classify these 
as “unaffected” for, as mentioned, even the temporary ameliorations in 
temperature and subjective symptoms we are inclined to regard as 
beneficial In a number of these cases it will be seen from the remarks 
on Table 2 that the fever ran permanently lower after treatment In 
other cases the bacteria were diminished or disappeaied from the blood 
It IS, moreover, distinctly to be noted that m none of these cases did the 
\ use of vaccine apparently weaken the patient or contribute m any 
demonstrable way to a fatal outcome when such occurred (Fig 1, 
Case 47) 



Fig 1 — ^Temperature curve and other data m Case 47 The data m these 
charts are abbreviated as follows B C=Blood culture, W=Widal, A T 
Serum=Antityphoid serum , 75 M=Sensitized vaccine corresponding to 75 million 
typhoid bacilli 

Gioup 2 Benefited Cases — Of these cases there were thirteen, or 
24 5 per cent m our series In these cases one or more doses of 
vaccine led not only to temporary amelioration but to a lytic type of 
defervescence, the successive drops in temperature being related 
directly to the vaccine treatments In cases of this group the duration 
of the disease was apparently shortened and the course markedly 
ameliorated (Fig 2, Case 43) 

Group s Aborted Cases — Cases totaling twenty-two, or 41 5 per 
cent, of our series In these cases the injection of vaccine led to a 
more or less critical fall of temperature directly associated with the 
vaccine injection (Fig 3, Case 35) 





TABLE 2 — Relatively Unafeected Cases 






! 

i 

Num 

Perm a- 





Blood 

Treat- 

her 

ncnt 


No 

Ago 

Widal 

Oul 

■MWJlff 

MmM 

of 

Normal 

Remarks 




turn 


Temp ,* 






1 

i 

1 

mcnts 

Day 
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TABLE 3 — BnNrriTED C\ses 
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TABLE 4 — Abortively Rlcovered Cases 
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A consideration of our cases as arranged in these three groups brings 
out a number of interesting correlations (Tables 2, 3 and 4) 

We see, for instance, that the treatment was begun on the average 
on about the same day m all three categories (12 to 13) and that the 
average age of the patients was nearly the same The first group of 
“Relatively Unaffected Cases” differs distinctly from the “Abortively 
Recovered” ones in that the blood cultures were positive in over twice as 
many cases in the first (95 per cent as compared with 42 per cent ) 
and again in the fact that the Widal was much lower on the aveiage in 
the unaffected cases than m the aborted cases (1 to 114 and 1 to 260). 



Fig 2 — ^Temperature curve and other data in Case 43 


The benefited cases (Group 2) lie intermediate between the two, having 
nearly as high a percentage of blood cultures as Group 1 and nearly as 
high a Widal average as Group 3 

There is little doubt that the number of typhoid bacilli in the cir- 
culating blood bears a distinct relation to the severity of the course of 
the disease, and the persistence of positive blood cultures indicates an 
unfavorable outcome (see particularly Schottmuller,®” Jochmann®^) 

50 Schottmuller, H Die Typhosen Erkrankungen, Handb der inn Med , 
1912, I, Mohr and Staehelin 

51 Jochmann Lehrbuch der Infektionskrankheiten, Springer, Berlin, 1914 
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Com ersel} the disappearance of the bactenemia early in the disease is 
a favorable indication From such facts we should expect to find the 
thud group of cases in a general way milder than Group 1 

Whereas it is impossible to judge what the outcome of any one of 
our cases would have been without treatment, certain impressions of 
the seventy of the cases hefoie treatment in relation to the outcome 
may be of interest (Table 5) 



TABLE 5 — General 

Condition of the 

Severe 

Cases Before Treatment 

Moderate 

Mild 

Group 1, unaffected 

15 

3 

0 

Group 2, benefited 

6 

5 

2 

Group 3, aborted 

4 

7 

11 


It is evident that the milder cases were more likely to be favorably 
affected by treatment than the severe ones In this connection it may 
be wise to forestall criticisms that might be made to our interpretation 
of the abrupt recoveries as due to the injection of vaccine It may be 
suggested by clinicians with an extensive experience in typhoid fever 
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that they have seen cases (usually a case) in which the temperature 
fell by crisis in typhoid, fever without treatment We have been able 
to find little detailed account of such a course in the literature McRae“^ 
in his carefully analyzed series of 1,500 cases noted a critical fall in 
two cases only (0 1 per cent ) He further notes a mild form of 
typhoid m 44 cases (3 per cent ) These figures added or separately, 
may be compared with our 41 5 per cent of rapid recoveries Of further 
significance is the direct relation of the vaccine injection to the result 



Fig 4 — Temperature curve and other data in Case 46 

produced and the fact that the average duration of the specific treat- 
ment until a permanent normal temperature was reached was a little 
over seven days 

In this connection it may be of interest to contrast the average 
duration of the disease in the three categories as compared with 
McCrae’s figures (Table 6) ' 

TABLE 6 — Duration of Disease as Contrasted with McCrae’s Figures 


Group 1, unaffected 41 days 

Group 2, benefited 27 days 

Group 3, aborted 20 days 


Real average 27 6 days 

Average of McCrae’s 1,500 cases 31 days 


52 McCrae Osier’s S 3 ’^stem of Medicine, Ed 1, n, 70 
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The relative intensity of the Widal reaction in the favorably 
affected cases as compared with the others seems to us of peculiar 
significance It may be taken as an indication of the degree of suc- 
cessful response that the patient has made to the infection We do not 
wish to assume that the agglutinin titer is any true measure of 
resistance, but it often runs parallel to those antibodies that are 
responsible for tipping the balance m the patient’s favor Our con- 
ception of the recovery that is favored by the intravenous injection of 
sensitized vaccine w^ould be that it is due first to a hyperleukocytosis 
produced m maximum degree by the use of tropinized bacteria, and 
secondly to the action of the patient’s owm antibodies on the circulat- 
ing bacteria Such a conception to be proved wmuld necessitate an 
estimation of the patient’s tropins m relation to results produced rather 
than the agglutinins The establishment of an accurate method for 
such determinations is at present engaging our attention 

A further corollary of this hypothesis should show that the bac- 
teria 111 the patient’s blood disappear or dimmish m the presence of a 
hyperleukocytic rise and the simultaneous presence of suitable anti- 
bodies This w^as found to be the case m rabbits m the experiments 
of Gay and Claypole Although it has not been possible to take an 
extensive series of blood cultures m many of our cases, our results 
show that 111 ten cases positive blood cultures became sterile in from 
one to three days after injection of vaccine We contemplate a more 
extensive series in this direction In addition to diiiiinishmg the bac- 
teremia or actually sterilizing the patients, as wmuld seem to be the case 
m many of our abortively recovered cases, the injection of sensitized 
vaccine in the majorit}^ of cases is accompanied by an increase of the 
Widal titer wdiich, as we have seen, is of favorable prognostic 
significance 

In view of the probable mechanism of recovery in typhoid fever 
induced by the intravenous injection of sensitized vaccine, it might seem 
reasonable in those cases associated with a low Widal titer in which 
less favorable results may be anticipated, to supply the necessary anti- 
bodies artificially This could be done by the use of an immune serum 
One IS not impressed with the results hitherto attained in the serum 
therapy of typhoid ( Chantemesse,^^ Rodet,°'‘ Rodet and Lagriffoul,®'^ 

53 Chantemesse, M Toxine typlioide soluble et serum antitoxique de la 
fievre Typhoide, Prog med , 1898, Senes 3, vn, 245 

54 Rodet, A Die Serotherapie beim Typhus, Handb der serum Therapie, 
A Wolf-Eisner, Munchen, 1910 

55 Rodet, A , and Lagnffoul La Serotherapie de la Fievre Typhoide, Presse 
med , i910, xviii, 969 
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Ludke,*^® Andriescu and Ciuca,®^ and Koenigsfeld'^®) We have no cer- 
tainty whether such a seiura should be antiendotoxic, or according to our 
own working hypothesis, largely tropic While waiting for further 
experimental evidence on this point we have felt justified m certain of 
our cases, particularly in those with a low Widal, in giving intravenous 
injections of the serum of goats that had received repeated subcutan- 
eous and mtiaveiious injections of seveial strains of living B typhosus 
Whereas the result with such serums has not been in many instances 
striking, It has at all events shown the harmlessness of goat serum even 
when given m fairly large quantities intravenously 

Flesh goat serum was first shown to have no hemolytic or 
hemagglutinative effect on human blood corpuscles In each case 
wheie intiavenous injection was intended 1 c c of goat seium (either 
normal or immune) was given subcutaneously twenty-four hours pre- 
viously to avoid possible anaphylactic shock In all eight cases were 
given intravenous injections langing from 20 to 95 cc In no 
instance was any untowaid immediate symptom noted, and in only 
one case was a slight urticaria found subsequently This latter finding 
may be contrasted with the usual results which follow the intravenous 
injection of laige amounts of immune serums from the horse 
(Cole'’®) In all instances, as expected, the infusion of a relatively 
considerable amount of antiserum caused an immediate rise of the 
agglutinins m the patient and in several instances the serum injection 
alone seemed followed by a symptomatic improvement and slight 
defervescence 

In one case (Fig 4, Case 46) which we tiust will not prove to be 
exceptional, two injections of vaccine in a patient with low Widal and 
positive culture early in the disease (tenth day) were followed by 
persistent positive cultures and only temporary temperature fall The 
administration of 25 c c of antityphoid serum intravenously followed 
the next day by a third dose of vaccine, led to sterilization of the blood 
stream and immediate defeivescence In this case at least it seems 
evident that the cure was due to the mixed serum and vaccine 
treatment 

56 Ludke, H Die Serumtherapie des Abdominal typhus, Munchen med 
Wchnschr , 1912, xxv, 907 , Die Behandlung des Abdominal typhus mit Intra- 
venosen Injektionen von Albumosen, Munchen med Wchnschr, 1915, xxviii, 321 

57 Andriescu, C , and Ciuca, M De I’action du Serum antityphique de 
Besredka sur revolution de la fievre Typhoide, Ann de I’Inst Pasteur, 1913, 
xxvn, 170 

58 Koenigsfeld, H Ein neues Prinzip der Serumtherapie bei Infektions- 
krankheiten mit besonderer Berucksxchtigung des Typhus abdominalis, Munchen 
med Wchnschr , 1915, Ixii, 253 

59 Cole, R Pneumococcus Infection and Lobar Pneumonia, The Archives 
Int Med , 1914, xiv, 56 



FREDERICK P GAY— HENRY ^ T C NICKERING 


325 


FATAL CASES 

It \m11 be seen from Table 2, comprising our relatively unaffected 
cases, that thei e have been five fatal cases in our treated series, or a little 
over 9 per cent , which does not differ from McCrae’s large series with 
the same mortality Of course no mortality average is of great signifi- 
cance in so small a series as our own. It is to be noted that a dispropor- 
tionate numbei of our cases have died from the “accidents” of typhoid, 
if we may so call them There was hemorrhage in three cases, two of 
which were followed by perforation These two complications should 
account for death m 40 per cent of the cases according to McCrae 
In our own series they represent 60 per cent of the fatalities It 
should be noted that in two of these cases the treatment was not begun 
until the twenty-first day True typhoid toxemia was the cause of 
death in only one of our cases (20). Case 2 was toxic, but probably 
died of some laryngeal complication, necropsy was refused 

RELAPSES 

There have been five relapses in our series (9 per cent ), somewhat 
lower than McCrae’s average of 11 4 per cent It should be noted that 
two relapses have occuried m our cases listed as abortively recovered 
after discharge from the hospital , both promptly responded to a single 
reinjection of vaccine The early discharge of the patient we believe had 
a distinct influence on the occurrence of these relapses During the 
latter part of our series we have followed the intravenous treatments 
with a series of three subcutaneous injections of the vaccine in the 
dosage ordinarily employed for prophylaxis (1/10 mg ==750 million) 
In twelve cases in which this tieatment has been fully carried out there 
have been no relapses, whereas the five relapses occuired in forty-one 
cases in which no such treatment was employed or completed These 
subsequent subcutaneous injections may be followed by slight rise of 
temperature 

SPECIFICITY OF TREATMENT EMPLOYED 

In View of the relative success that has been reported by means of 
certain nonspecific methods of treating typhoid fever, it may be well 
to express our conception of the relation of our method of treatment 
to such methods 

Early m the history of the treatment of typhoid by vaccines Rumpf'^ 
questioned the specificity of the results claimed by FraenkeP on the 
ground that he had obtained similar favorable effects by the use of 
pieparations of B pyocyaneus That such results were at least rela- 
tively less effective would seem to be shown from the subsequent work 
of Kraus and BuswelP and Presser Kraus®° has obtained abortive 


60 Kraus, R Ueber Baktenotherapie akuter Infektionskrankheiten, Wien 
klin Wchnschr , 1915, xxvin, 29 
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cures in typhoid by the use of colon vaccines Ichikawa has cured 
paiatyphoid, as we did, by sensitized typhoid vaccine Ludke'”’® has 
mentioned favorable results by the simple use of a deutero-albumose 
Letulle and Mage®^ and Gay®" have treated cases of typhoid by means 
of a pieparation of colloidal gold (colibiase) We believe such favor- 
able results, which we are quite ready to accept, are in reality in perfect 
harmony with each other and with oui own choice of treatment All 
of these substances including colloidal gold®® produce hyperleukocy- 
tosis, particularly when injected into the circulation Leukocytic 
extracts probably act in the same way in those cases in which they are 
undoubtedly effective Any of these substances could therefore be 
expected to cure a percentage of cases of tj'phoid owing to the dual 
mechanism of a hyperleukocytosis plus antibodies in the patient 

Intravenous treatment by means of sensitized typhoid bacilli differs 
from the above methods in two ways 

1 Owing to the fact that the injected protein is sensitized or 
tropmized, the response on the part of the leukocytes is much more 
intense and effective (Gay and Claypole®-) 

2 Typhoid vaccine aids in building up the active immunity of the 
patient against typhoid fever as no other preparation can 

SUMMARY 

This article deals with the study of 105 cases of suspected typhoid 
fever in which we were allowed to examine the patients through the 
great courtesy of a number of physicians in Alameda and San 
Francisco Counties Thorough laboratory examinations in most of 
these cases by blood cultures and Widal tests and in a number the 
search for the typhoid bacilli in the stools and urine, offer certain facts 
of interest in the differential diagnosis of typhoid fever In 65 of the 
105 cases the diagnosis of typhoid fever was made from both clinical 
and laboratory data In these 65 cases the Widal was positive in 60 
(93 7 per cent ) and as early as the fifth day, the high percentage of 
results being due, in a large measure, to the method employed, namely, 
the use of the macroscopic method and a formaldehydized culture of 
the typhoid bacillus Of the blood cultures taken in 58 cases there 
were 40 positive (70 per cent ), including a case first seen on the 
thirty-second day In only one case of the 65 were both Widal and 

61 Lutelle, M , and Mage Traitement la Fievre Typlioide par I’or colloidal 
en injections intraveineuses. Bull de I’Acad med, Pans, 1914, Ixxn, 421 

62 Gav Un Traitement pratique de la fievre typhoide aux armees, Presse 
med , March 4, 1915, p 67 

63 See discussion by Robin and Chantemesse in loc cit , Ref 60 
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blood culture negative, which case was diagnosed by the presence of 
B typhosus m the stools 

Of the 40 cases excluded as not being typhoid fever on a laboratory 
basis, 36 could ultimately be excluded on both clinical and further 
laboratory examination There remain 4 cases which on clinical 
evidence alone may have been typhoid, but which are not included in 
our senes owing to the fact that laboratory proof was lacking It may 
incidentally be remarked that 2 of these cases were treated by the 
method described, with abrupt lecovery Of the 65 cases it was 
impossible for various reasons that are slated, to treat 12 The 
remainder of the cases, howevei, were all treated without choice 

There remain, then, a series of fifty-three cases of typhoid fever 
in which the diagnosis was absolutely certain both on clinical and 
laboratory grounds We have not attempted to influence the ordinary 
symptomatic treatment of these cases, which differs as much as might be 
expected in a group of o\er fifty physicians The patients, moreover, 
were caied for under varying conditions in private homes and 
hospitals, some of them even without the attention of a trained nurse 
This variation in care and location of the cases had undoubted^ an 
effect on the mortality and has made thorough laboratory examinations, 
such as leukocyte counts at frequent intervals, impossible in all the 
cases 

The mortality in these cases has been precisely what one would 
expect under the best hospital conditions (McCrae), namely 9 per cent , 
which we regard as suggesting that, under uniform conditions, with 
our method of treatment the mortality would have been less than the 
average The mortality has been composed, to a large extent, of what 
may be termed the “accidents” of typhoid, namely 60 per cent of the 
deaths by hemorrhage or perforation 

Our method of treatment has consisted in the intravenous injection 
of 1/50 to 1/25 milligram (150 to 300 million bacteria) of a sensitized, 
polyvalent, killed typhoid vaccine sediment prepared after the method 
of Gay and Claypole This injection gives rise to a series of symptoms 
characterized particularly by a chill, rise and fall of temperature and 
leukopenia followed by hyperleukocytosis The fall of temperature 
with its attendant hyperleukocytosis leaves the patient at least tempor- 
arily benefited, and the benefit and normal temperature may be 
permanent Thus m 66 per cent of the cases a distinct benefit was 
obtained, as shown by lowered temperature, disappearance or ameliora- 
tion of subjective symptoms and an apparently accelerated recovery 
In 41 5 per cent of this 66 per cent the recovery was of an abortive 
form with a critical fall of temperature and a permanent normal tem- 
perature established within a few days This permanent normal tern- 
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perature was reached on an average seven days after beginning treat- 
ment in these cases There remains, however, 34 per cent of cases 
which are classified as relatively unafilected W e regai d this classifica- 
tion as underestimating the beneficial results for reasons given In none 
of the cases did the use of the vaccine have any apparent harmful effect 
on the case, although m four, m which too large a dose was used, the 
symptoms were somewhat alarming 

A series of subcutaneous injections following the intravenous 
treatment apparently aids in preventing relapses 

We regard the mechanism of benefit and cure m these cases which 
were affected by the treatment as due to a combination of specific 
hyperleukocytosis and the presence of antibodies (tropins >’) in the 
patient’s blood The injection of vaccine could be shown m a number 
of cases to be followed by the disappearance or diminution of bacter- 
emia and usually also by an increase m the Widal In those cases 
which did best the Widal was originally high and those cases which 
showed the least effect had the low Widals The cases judged as 
"mild” before treatment began did better on the whole than those 
regarded as “severe ” There were, however, a number of severe cases 
which showed abrupt recovery or benefit 

On the hypothesis that successful results are due to the strength of 
the antibodies already established in the patient, we have ventured in 
severe cases with low antibody content, to combine with the vaccine 
treatment the intravenous injection of considerable amounts of typhoid 
immune serum from goats These cases, although few in number, 
suggest that this type of treatment with further elaboration might 
increase the percentage of favoiable results 

We regard the use of sensitized vaccine as being better for 
intravenous injection than plain typhoid vaccine or less specific methods 
of treatment that have been suggested by other authors, owing to the 
fact that sensitized typhoid vaccine produces a specific form of hyper- 
leukocytosis of maximum degree (Gay and Claypole), and may also be 
shown to be followed by an increase in active immunity of the patient 
against the disease 
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It has been the practice of clinicians for many yeais to treat cases 
of nephritis by means of a dietetic therapy, m which the various forms 
of mtrogen-contaming food have beeen much restricted One of the 
several reasons for curtailment of protein in the dietary has been that a 
damaged kidney cannot readily excrete the end products of piotein 
metabolism, as measured by the nitrogen, and that a distinctly harmful 
result follows such a retention The determination of a nitrogen 
balance in nephritis has been considered one of the valuable tests of the 
ability of the kidney to eliminate this substance In the mterpi etation 
of this piocedure, three factors have been considered essential 

1 An accurate deteimination of the food nitrogen 

2 An accuiate deteimination of the output of the nitiogen in the 
urine and feces 

3 A constant mtermediaiy nitrogenous metabolism The first two 
of these demands aie readily fulfilled, the third is vague in its require- 
ments and no definite standards have been established for it in clinical 
medicine Studies in nephritis are largely based on the criteria set by 
Ascoli and von Noorden These authors acknowledge that theie may 
be either an increased protein catabolism or an assimilation of ingested 
nitrogen within the body which may cause an apparent loss or gam of 
nitrogen to the organism for which the kidney is in no wise i esponsible 
The problem which has to be solved is, how are such possible changes 
to be eliminated^ Ascoh and von Noorden^ in their own words make 
the following suggestions in this connection 

Ascoh These observations are based on the experience that an individual 
who is receiving a medium oi at least a sufficient amount of food with not too 


i Submitted for publication, Nov 16, 1915 
*'From the Medical Clinic of the Johns Hopkins Hospital 
1 Ascoli Wir gehen bei diesen Beobachtungen von der Erfahrung aus, dass 
der Mensch bei einer mittleren oder eben genugender Nahrungszufuhr mit nicht 
allzu germgem Eiweissgehalte mnerhalb 24-stundiger, noch besser aber mehrta- 
giger Beobachtungszeiten ziemlich genau so viel Stickstoff — ^m Form der 
verschiedenartigsten Schlacken — in Harn und Kot ausscheidet, als mit dei 
Nahrung, vor allem mit dem Eiweiss, eingefuhrt wird Bleibt unter diesen 
Umstanden die Ausfuhr gegen die Einfuhr merklich zuruck, so kann es sich 
zwar bei heruntergekommenen Personen um Fleischansatz aus dem emgefuhrten 
Eiweiss handeln, meist kann aber ziemlich unbedenklich angenommen werden, 
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low a protein content, will excrete in the urine and feces in a twenty-four- 
hour, or better still, several-day period of observation, an amount of nitrogen 
in the form of the various waste products approximatelj equivalent to that 
taken in If the amount excreted is markedly less than the quantity ingested. 
It IS possible that some of the retained material is utilired to build up the 
tissues, in the case of individuals who arc emaciated , but, as a rule, it may 
be assumed without question that particular nitrogenous residues which should 
be excreted are being retained in the blood, in the organs, and by chance, 
m edematous accumulations as waste nitrogen 

Von Noorden It is evident that statements of nitrogen elimination in the 
urine are of value only when the amount ingested, as well as the quantity 
excreted in the feces, is considered and if the observations are sufficiently 
prolonged The diet must be at least fairlj constant and the nitrogen content 
must be easily ascertained If the observations do not attain these standards, 
then they are deserving of consideration onb' when extreme deviations from 
the normal occur, as in the occasional cases cited by Frenchs, Bartels and 
S Rosenstein, in their publications 

These statements are not precise and allow of much latitude in 
then interpretation To give them more concrete form we may com- 
pare them with the actual fulfillment in a given case Von Noorden 
claims, in the above quotation, that in order to set aside changes in the 
intermediary metabolism, the diet must be fairly constant, the observa- 
tion must be carried on over a considerable period and that if these 
conditions are not fulfilled, then the changes noted must be very strik- 
ing in order to be of value In a patient,” a boy of 11 years, whose 
data were considered extremely important as being the first case in 
which protein destruction was demonstrated in uremia, the period of 
observation was ten days, the nitrogen content of the food was 7 8 gm 
on every day excepting two, when no food whatsoever was taken, and 
the result of the nitrogen balance for the whole period Avas a loss of 
20 8 gm , or a little over 2 gm of nitrogen per day This may be con- 
sidered a very lax interpretation of the criteria set for such experi- 
mehts They are, howcA'^er, characteristic of the manner m Avhich they 
have been adhered to by many authors Avho have reported results AVith 
nitrogen balances in clinical work The cases Avdiich are reported here 
all fall within the limits set by these figuies and show Iioav thoroughly 
inadequate they are in rendering the course of intermediary nitrogenous 
metabolism a negligible factor 

dass erne Anstauung von zur Ausscheidung bestimmten Schlacken im Blute, in 
Organen, allenfalls m sich ansammelnden Oedemenstatthat Vorlesungen uber 
Uramie, Jena, 1903, p 166 

Von Noorden Es ist klar, dass die Angaben uber N-EIimination nur Wert 
haben, wenn sie die Bestimmung der Nahrungszufuhr und des Kotstickstoffs 
einschliessen und die Versuche niclit allzu kurz sind Zum mindesten muss die 
Diat einigermassen konstant under ihr N-Gehalt leicht zu berechnen gewesen 
sein Erfullen die Versuche diese Bedingungen nicht, so verdienen sie nur 
Beachtung, wenn geradezu extreme Abweichungen vom Gesundhaften vorlagen, 
wie in emzelnen Fallen, die Frenchs, Bartels, S Rosenstein m ihren Handbuchern 
zitieren Von Noorden Handbuch der Pathologie des Stoffwechsels, Berlin 
1906, 1, 978 

2 Von Noorden 1cm Note 1, p 972 
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The method of Folin and Denis® for the total nonprotein nitrogen of 
the blood, which was the one used in the present series, opens the way 
to a deeper knowledge of nitrogen metabolism With three data, the 
nitrogen intake, the nitrogen output, and the amount of waste nitrogen 
in the blood, at our command, the trend of intermediary protein 
metabolism, as well as the power of the kidney to eliminate nitrogen, 
become apparent It has previously been shown that, in experimental 
uranium nephritis, at least, an increased protein catabolism takes place 
and may be detected by these means ^ The present observations deal 
with the second phase of this subject, namely, the influence that the 
assimilation of ingested nitrogen may have on the interpretation of the 
nitrogen balance 

The patients investigated m this connection were all cases of chronic 
interstitial nephritis of moderate severity The first four cases studied 
^^ere at the outset put on a “low protein” diet and subsequently on a 
“high protein” diet These diets were as follows 

LOW PROTEIN DIET 

Bt cakfast Sherrj', 30 c c Baked apple, stewed prunes, orange “Hominy 
cornstarch cereal “ Cream, 15 c c 

Dinnci Sherry, 30 c c Potato, baked or mashed Strmg-beans, cabbage, 
carrots, lettuce, onions, tomatoes, cucumber pickles Fruit cornstarch pudding, 
frutt tapioca pudding 

Siippci Same as dinner 

Salt, sugar and butter maj be used as desired and need not be weighed All 
other food eaten must be weighed or measured 

HIGH PROTEIN DIET 

Bread, coffee, cream, milk, cocoa made with milk, eggs, oatmeal, broth, 
baked or mashed potato, roast beef, beefsteak, chopped beef, chicken, custard, 
rice pudding 

Salt, sugar and butter may be used as desired and need not be weighed 
Whisky and sherry may be used to make up eggnogs, etc , and need not be 
measured All other food eaten must be weighed or measured Measure the 
milk and cream separately from the coffee, oatmeal, etc , when serving them 

Make the diet as full as possible, allowing much meat and broth 

Each patient was given sufficient food from these lists to satisfy the 
appetite The amounts to be consumed were weighed, duplicate 
determinations for nitrogen were made on every sample of food The 
average nitrogen values thus obtained were as shown m Table 1 

These figures vary somewhat from those given m the standard food 
tables They also do not agree with analyses made on the food from 
the same hospital kitchen a few months previously It would seem that 
for very accurate work samples of the actual food consumed must 

3 Fohn and Denis Jour Biol Chem , 1912, xi, 527 

4 Mosenthal The Archives Int Med, 1914, xiv, 844 

5 Two-thirds hominy, one-third cornstarch 
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necessarily be analyzed and that previous analyses or dietary tables 
cannot be relied on absolutely It will be seen from the piotocols that 
the nitrogen intake on the days of low piotein diet was between 1 54 and 
4 30 gm , while on the high protein diet it varied from 16 83 to 
47 37 gm The intake m each individual, howevei , was much more 
constant on the days of similar diet than these maximum variations for 
all the cases indicate 


TABLE 1 — NiTRocrN Content of the Foods Used in the High and Low 


Protein Diets 


Article of Food 

Percentage of Nitrogen 

Bread 

147 

Coffee 

0 03 

Cream 

0 41 

Milk 

0 53 

CEREAES 

■= “Hominy cornstarch” 

013 

Oatmeal 

0 36 

fruits 

Baked apple 

0 04 

Orange 

016 

Stewed prunes 

014 

VEGETABLES 

Cabbage 

016 

Carrots 

010 

Lettuce 

024 

Onions 

017 

Cucumber pickle 

010 

Baked potato 

048 

Mashed potato 

0 40 

Strmgbeans 

023 

Tomatoes 

0 23 

DESSERTS 

Blackberry cornstarch pudding 

0 05 

Prune cornstarch pudding 

0 07 

Custard 

0 92 

Soft custard 

0 81 

Apple tapioca pudding 

0 02 

Peach tapioca pudding 

0 06 

Rice pudding 

0 72 

MEAT PRODUCTS 

Broth 

400 

tChopped beef 

3 36 

Cold roast beef 

5 40 

jBeefsteak 

3 90 

Chicken 

5 67 

$Eggs 

213 


’'Two-thirds hominy, one-third cornstarch 

t These nitrogen determinations were made on uncooked food, all the other 
determinations on prepared foods 

$Eggs are the only article of food listed the nitrogen value of which was 
not actually determined The figures were taken from standard food tables 
of Atwater and Bryant (Bulletin 28, revised edition, U S Department of - 
Agriculture) 
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METHODS 

The Kjeldahl method was used for the quantitative determinations of nitro- 
gen in the food, urine and stools In the first four cases, the stools were 
collected in composite periods, corresponding to the duration of high and low 
protein diets They were marked off by the alternate ingestion of charcoal 
and carmin The fecal material was dried in evaporating dishes, after the 
addition of a small amount of sulphuric acid, ground in a mortar and thoroughly 
mixed before being analyzed In the last two cases, the stools were collected 
in twenty-four-hour periods, without demarcation, and aliquot portions of the 
thoroughly mixed moist feces were used for analysis The procedure of Fohn 
and Denis® was employed to obtain the figures for nonprotein nitrogen of the 
blood The original method was adhered to, except that a combined process 
of distillation and aeration was substituted for aeration alone 

TABLE 2 — ^Data of Case 1 


Diet 

i 

Weight, 

Lbs 

1 

1 

Nitrogen, Gin in 24 Hours 


Nonprotein 
Nitrogen 
of the Blood, 
Mg per 100 c c 

1 Hrine 1 

i * 

Feees J 

1 

1 

Total 

Output 

Intake 

1 

1 Balance 

Low protein ! 

wrvi 

1 

COO 1 

■ 75 1 

6 75 

3 33 

1 

1 — 3 42 

31 8 

Low protein 1 

1 


4 60 ' 

75 , 

5 25 ' 

1 313 

1 — 212 

I 

1 

Low protein 

i 148^2 i 

I 8 36 1 

75 

4 11 

j 317 

— 0 94 

i 

Low protein 

I 14CM! 

1 

315 

73 

1 

890 

[ 3 37 

— 0 53 


High protein j 

147 

0 23 

82 

7 05 j 

1 

1 26 46 

+19 41 

29 7 

High protein 

j 

GIG , 

82 

C9S 

3125 

+24 27 


High protein ^ 

i 148 1 

1 

11 38 1 

82 1 

12 20 

, 32 20 

I 1 

1 +20 00 


High protein j 

147 

5 69 ( 

82 i 

] 

6 41 

21 68 { 

+15 27 


High protein 

1401^ 

10 20 

1 

82 ! 

11 02 

24 03 1 

+13 01 

37 0 


In each case there was a slight loss of nitrogen on the low protein 
diet On the fiist day of this diet the deficit was rather large in one 
instance This was, in all probability, due to the elimination of 
nitrogenous waste products which had previously been retained On 
the high protein diet there was very marked nitrogen retention in all 
the patients Thus, considering the whole period of observation, the 
nitrogen balance is distinctly positive (See Table 6 ) 

In spite of this, the nonprotein nitrogen of the blood remained at a 
comparatively low level — 33 9 to 38 1 mg per 100 c c — exceeding the 
normal by only a slight margin (The upper normal limit of total non- 
protem nitrogen of the blood has been variously placed at 26®, 30’’, 32®, 
37® and dO’-® mg per 100 c c ) 

I 6 Folm and Denis Jour Biol Chem, 1913, xiv, 29 

7 Frothingham and Smillie The Archives Int Med , 1915, xv, 204 

8 Tileston and Comfort The Archives Int Med, 1914, xiv, 620 

9 Folm and Denis Jour Biol Chem, 1914, xvii, 487 
10 Foster The Archives Int Med, 1915, xv, 356 
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How are these results to be interpreted^ Under the given condi- 
tions, the usual conclusion has been that the kidne) is insufficient and 
that consequently the urinary nitrogen cannot keep pace with the 
quantity ingested In such instances it is supposed that the retained 
nitrogen circulates in the body as nonprotein nitrogen and manifests 
itself by a use in its concentration in the blood It is, therefore, 


TABLE 3 — Data of Case 2 



Weight, 

Lbs 

Nitrogen, Gin in 2t Hours | 

Nonprotein 
[ Nitrogen 
of the Blood, 
Mg per 100 c c 

Diet 

Urine ! 
1 

Feces 

Total 

Output 

Intake 

Balance 

Low protein 

9S% 

610 ' 

1 27 

7 37 

1 1 93 

— 5 44 

30 0 

Low protein 


2 48 

127 

3 75 

1 2 24 

! — 151 

1 


Low protein 

98Vi 

2 89 

1 27 

410 ! 

1 2 34 

— 182 


Low protein 

97% 

1 43 

' 127 

2 70 

1 87 

— 083 


High protein 

97% 

6 07 

! 1 58 

7 65 

10 S3 

+ 918 

29 7 

High protein 

97 

7 75 

1 53 

0 33 

20 71 

+17 38 


High protein 

97 

738 

153 1 

8 96 

22 51 

+13 58 


High protein 

97% 

9 80 

1 53 

11 38 

20 35 

+14 97 


High protein 

97% 

768 

1 58 

9 26 

1013 

+ 9 87 

381 


TABLE 4 — Data of Case 3 


Diet 

Weight, 

Lbs 

Nitrogen, Gm in 24 Hours 

Nonprotein 
Nitrogen 
of the Blood, 
Mg per 100 c c 

Urine 

Feces 

Total 

Output 

Intake 

Balance 

Low protein 


2 73 

141 

4 14 

182 

— 2 32 

212 

Low protein 

112 

2 55 i 

141 

3 96 

1 68 

— 2 28 


Low protein 

111% 

2 41 

1 41 

382 

1 98 

— 184 


Low protein 

iioy2 

177 

1 41 

318 

1 54 

— 164 


High protein 

111 

4 29 

0 94 

5 23 

18 34 

+1311 

25 4 

High protein 


7,45 

0 94 

8 39 

1711 

+ 8 72 


High protein 

112% 

9 05 

0 94 

999 

19 22 

+ 9 23 


High protein 

112 

10 70 

0 94 

1164 

20 97 

+ 9 33 


High protein 

111% 

819 

0 94 

913 

19 73 


339 


necessary to ascertain, approximately, at least, to what height the reten- 
tion of a given amount of nitrogen should raise the figure for waste 
nitrogen in the blood if this hypothesis is to be supported 

It IS known from the work of Marshall and Davis^’- that urea is 
evenly distributed throughout the body, except in certain tissues, as the 


, 11 Marshall and Davis Jour Biol Chem , 1914, xviii, S3 
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fat, bone, caitilage, teeth, outer layers of the skin, etc, which do not 
take up urea Since the greater part of the nitrogen of the food — 
approximately 85 per cent — is excreted as uiea on a moderately high 
nitrogenous diet, a substantial increase in the nonprotem nitrogen of the 
blood would be expected if the kidneys did not eliminate this substance 
sufficiently rapidly to keep pace with its production It is at the present 


TABLE 5 — Data oi Case 4 


Diet 

1 

Weight, 

Lbs 

1 

Nitrogen, Gm in 24 Hours 

Nonprotein 
Nitrogen 
of the Blood, 

‘ Mg per 100 c e 

Urine 

Ucces 

Total 

Output 

Intake 

Balanee 

Low protein 

1 

136 

1716 

0 75 

17 91 

3 69 

—14 22 

46 G 

1 

Low protein 

135 

8 83 

0 75 

958 

215 

— 7 43 


Low protein 

135% 

588 



2 86 1 

— 3 77 


Low protein 

137 

3 03 


3 78 

4 30 

+ 0 62 


High protein 

139 

710 

147 

8 57 

20 52 

+11 95 

29 7 

1 

High protein ' 

140 

7 31 

147 

8 78 

32 76 

+23 98 

1 

High protein 

138% i 

12 87 

1 47 

14 34 

27 02 

+12 68 


High protein 

139% 

12 56 

147 


32 68 

+18 65 


High protein 

139% 

1177 

1 

147 

13 24 

47 37 

+34 13 

371 


TABLE 6 — Summary of Observations on the Nitrogen Balance and the 

Nonprotein Nitrogen of the Blood 



Case 1 

Case 2 

Case 3 

Case 4 

Nonprotem Nitrogen of the Blood, Mg per 
100 cc 

At beginning of observation 

318 

36 0 

212 

46 6 

At end of low- protein period 

29 7 

297 

25 4 

29 7 

At end of high protein period 

37 0 

381 

33 9 

371 

Nitrogen balance in grams for 

Low protein period 

— 70 

— 96 

— 81 

— 24 9 

High protein period 

+92 0 

+65 0 

+510 

+101 4 

Total period of observation 

+85 0 

+55 4 

+42 9 

+ 76 5 


time not accurately known how the other nitrogenous products destined 
for urinary excretion are distributed in the body Many of these are 
evidently stored in the tissues in much greater concentration than they 
are found m the blood However, these materials are probably being 
held for further use in the body and may be considered in a vastly 
different light from those which are to be excreted For the purposes 


12 Van Slyke and Meyer Jour Biol Chem , 1912, xii, 399 , 1914, xvi, 197 
1914, XVI, 213 Fohn and Denis Jour Biol Chem, 1912, xi, 87, 1912, xu, 141 
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of determining the theoietical values of the nonprotein nitiogen of the 
blood in this series of cases, in which it was supposed that the nitrogen 
output should have equaled the intake, the total quantity of retained 
nitrogen has been assumed to be equally distributed in the body From 
the figures given by Marshall and Davis it is found that in an individual 
weighing 70 kilos the retention of 30 grams of urea is equivalent to a 
rise of 40 mg per 100 c c in the uiea of the blood Applying the same 
principles to the total non-protein nitrogenous products which are 
supposed to be excreted by the kidneys, it is seen that for every gram 
of nitrogen retained, the non-protein nitrogen of the blood should be 
increased 1 33 mg per 100 c c According to these calculations, in the 
cases presented here, if none of the letained nitiogen were assimilated 
or stored, and all of it circulated as waste nitrogen, because the kidneys 
did not excrete it, the figures showm in Table 7 would be obtained 


TABLE 7 — Theoretical and Actual Valui s or Nonprotfin Nitrogen of the 
Blood Resulting from Nitrogen Retention 



X Gms 
Retained 
During 
High 
Protein 
Period 

Theoretical 
Value of 
Nonprotcin 

N of Blood, 
Mg per 

100 c c * 

1 

1 

N Gms 
Retained 
During 
Whole 
Period of 
Observation 

[ 

Theoretical 
Value of 
Nonprotein 

N of Blood, 
Mg per 
lOOc c t 

Actual 
Value of 
Nonprotcln 

N of Blood, 
Mg per 

100 c c 

Oise 1 

92 0 

152 0 

S5 0 

144 8 

37 0 

Case 2 

05 0 

110 2 

65 4 

109 7 

SSI 

Case 3 

61 0 

93 2 

42 9 

78 3 

33 9 

Case 4 

101 4 

104 0 

70 6 

148 4 

371 


* These figures represent the values obtained for nonprotein nitrogen of the blood at the 
beginning of the high protein period plus the theoretical Increment due to retained nitrogen 
t These figures represent the values obtained for nonprotcln nitrogen of the blood at the 
beginning of the observation plus the theoretical increment due to retained nitrogen 


Even an extremely large erior in these theoretical calculations would 
not invalidate the conclusion that the retained nitrogen was not circulat- 
ing as waste nitrogen but had been assimilated or stored by the body 
tissues In normal individuals a similar storage or assimilation of 
nitrogen may occur on a high protein or a high calory diet, as was 
shown by Wolfe,’^® Luthje,’-^ Luthje and Berger,^® yon Noorden and 
Krug,^® and Bornstein In the absence of carbohydrate food, such 
an assimilation of nitrogen is difficult to obtain Frothingham and 

13 Wolfe, Quoted by Lusk Science of Nutrition, 1909, p 124 

14 Luthje Ztschr f klin Med, 1902, xliv, 22 

15 Luthje and Berger Deutsch Arch f klin Med, 1904, Ixxxi, 278 

16 Von Noorden and Krug Arch f Anat u Physiol , Physiol Abt , 1893, 
p 371 

17 Bornstein Pfluger’s Arch f Physiol, 1901, Ixxxiii, 540, Berl klin 
Wchnschr , 1898, xxxv, 791 

18 Lusk Science of Nutrition, 1909, Chapter vii 
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Smillie^° report instances of nephritis exhibiting the same phenomena 
as those discussed here 

TABLE 8 — Data of Case S 


Xitrogcn Gm in 24 Hours 

Nonprotem 
Nitrogen 
- of the Blood 
Mg per 
' 100 e c 

Urine 

j Feces 

1 

' Tot'll Output i 

1 

Intake 

, Balance 

! 

11 15 

146 

J 12 61 

11 56 

"i 

1 — 105 

29 

8 57 

131 

988 

14 08 

+ 4 20 


13 21 

0 

13 21 

( 

13 23 

1 +0 02 

j 


12 79 

' 3 28 

16 07 

1511 

1 — 0 96 


G 6’ 

196 

858 

19 09 

+10 51 


7 25 

2 75 

10 00 

1 1 

19 91 

1 +9 91 


1100 

, 0 

1100 

13 93 

1 +2 93 

1 

) 

10 40 

2 53 

12 99 

19 89 

+ 690 

1 

13 55 

171 

15 36 

1912 

+ 3 76 

1 

12 2C 

191 

f 

1417 i 

U99 

' — 218 

i 

' 26 

12 65 

' 180 

14 45 ' 

14 50 

' + 0 05 

I 

12 76 

0 97 

13 73 

15 15 

+ 1 42 


13 80 

0 

13 80 

17 56 

+ 3 76 

1 

1 

i 

13 70 

2 94 

16 64 

13 28 

— 3 36 


15 48 

1 0 

1 

15 48 

14 35 

1 — 113 


15 60 

4 31 

19 94 

21 96 

1 +2 04 


16 40 

0 

16 10 

18 33 

I +187 


14 88 1 

4 43 

1 19 31 

24 86 

1 +5 55 


14 90 

1 4 45 

19 35 

24 39 I 

' +5 04 


12 B9 

2 78 

15 37 

23 09 

+ 7 72 

1 


13 67 

3 42 1 

1 17 09 

24 93 

+ 7 84 


13 96 

0 1 

! 13 96 I 

1 1 

2191 

1 +7 95 

1 


14 85 

5 46 

1 

j 20 31 

1 

16 61 

I 

— 3 70 

27 


The nitrogen balance for the whole period is + 69 1 gm The theoretical value 
of the nonprotem nitrogen of the blood, calculating from the first observation 
of 29 mg per 100 cc, should be 119 mg, provided the retained nitrogen were 
circulating as waste nitrogen, the actual value is 27 mg 

In view of the fact that the above cases were observed over a short 
time onty, and were put on rather a bizarre diet, it is of interest to note 
what occurs m individuals studied for a longer period, and on what is 
an ordinary mixed diet The following two cases (Cases 5 and 6) were 
given mixed diets containing a fair amount of meat and broth They 
ate what food they chose and the nitrogen was calculated from the 
amount eaten Foods which might be expected to vary m their nitrogen 
content, such as broth, potato, meat, etc , were analyzed in isolated 


19 Frothingham and SmilUe The Archives Int Med , 1915, xv, 204 
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samples, and the content of nitrogen in the other articles of diet was 
estimated according to Atwater and Bryant’s-® food tables The 
mtiogen balances in these two instances, therefore, do not possess the 
accuracy of the first four cases However, the error is probably not 
great enough to interfeie with the conclusion that a positive nitrogen 
balance may occur m nephritis under ordinary ciicumstances without 
an increase in the nonprotein nitrogen of the blood Case 5 in twenty- 
three days retained 69 1 gm of nitrogen , at the termination of this 
period, the level of the nonprotein nitrogen of the blood was 27 mg per 
100 cc , whereas, the theoretical value would have been 119 mg, had 
the retained nitrogen been circulating as waste nitrogen Case 6 in 
seventeen days retained 35 3 gm of nitrogen, which should have given 
a theoretical value for nonprotein nitrogen of the blood of 117 mg per 
100 c c , the actual value being 74 mg , practically duplicating the control 
figures at the beginning of the obseivation 


TABLE 9 — Data of Cast 6 


ISiitrogcn Gm in 2 1 Hours 

Nonproteln 
Nitrogen 
ot the Bloofl 
Ms per 

100 c c 

Urine 

Heces 

Total Output 

Intake 

Bnlnncc 

9 99 

1 68 

11 07 

13 20 

+1 53 

71 

10 48 

0 01 

1109 

11 21 

1 +0 12 


12 80 

1 15 

14 31 

1 13 44 

-0 87 


9 8P 

4 72 

14 G1 

1 

23 03 

+8 42 


13 76 

122 

14 98 

20 43 

+5 45 


21 13 

1 74 

22 87 

21 34 

—1 63 


15 81 

0 81 

16 62 

20 83 

+4 21 


15 79 

1 03 

17 42 

19 71 

+2 29 


20 70 

1 32 

22 02 

21 89 

—013 


IS 57 

0 45 

19 02 

21 04 

+2 62 


18 89 

140 

20 29 

22 53 

+2 24 


16 94 

260 

19 54 

23 83 

+4 29 


18 00 

2 77 

20 77 

20 32 

—0 46 

80 

18 48 

2 09 

20 57 

25 30 

+4 73 


1885 

3 01 

2186 

22 78 

1 

+0 92 

[ 

16 71 

2 SO 

19 51 

21 92 

+2 41 


17 46 

3 67 

2113 

2014 

—0 99 

74 


The nitrogen balance for the whole period is + 35 3 gm The theoretical 
value of the nonprotein nitrogen of the blood, calculating from the first obser- 
vation of 71 mg per 100 cc should be 117 mg, provided the retained nitrogen 
were circulating as waste nitrogen, the actual value is 74 mg 


20 Atwater and Bryant Bull 28, revised Ed U S Dept Agriculture 
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CASE REPORTS 

J W (Med No 34006) Male, aged 24 The urine shows a large amount 
of albumin, a moderate number of hyaline, granular and epithelial cell casts, 
and varies in specific gravity from 1 011 to 1 023 The systolic blood pressure 
IS 175, diastolic, 115 The heart, arteries and other organs show no abnor- 
malities There was some subcutaneous edema on admission which disappeared 
shortly and remained absent during the tests The diagnosis is chronic diffuse 
nephritis 

E F (Med No 33757) Male, aged 36 Albumin was discovered in the 
urine se\enteen years ago For five 3 '’ears there has been polyuria and poly- 
dipsia, for two years, failing vision There is moderate thickening of all the 
peripheral arteries The cardiac impulse is forcible in the fifth interspace, 
12^4 cm to the left of the median line, indicating some hypertrophy of the 
heart muscle There is no edema, nor are there other signs of myocardial 
insufficiency The systolic blood pressure varies between 210 and 195 mm of 
mercury The eye grounds show marked albuminuric retinitis The urine is 
large in amount, constantly low in specific gravity, contains about 1 gm of 
albumin per liter, and on microscopic examination yields a few hyaline casts 
The phenolsulphonephthalem excretion is 22 per cent in two hours The 
diagnosis is Advanced degree of chronic diffuse nephritis (secondary con- 
tracted kidney) 

DISCUSSION 

The conception of the retention of nitrogen in nephritis, as under- 
stood by the clinician, generally implies two facts First, that a positive 
nitrogen balance is usually due to kidney insufficiency , second, that the 
retained nitrogen is present in the body as waste nitrogen and circulates 
in the blood, in part, at least, as nonprotein nitrogen From the cases 
described above it becomes evident that one or both of these postulates 
do not hold true in a great number of instances It is known that in 
normal individuals on a high protein diet, containing an adequate 
carbohydrate portion, a large amount of nitrogen may be retained The 
same retention may take place in individuals suffering with nephritis 
and may thus be misleading if used as a measure of the ability of the 
kidney to eliminate nitrogen On the other hand, if it is supposed that 
the nitrogen is retained because of insufficient kidney action, then, in 
some cases, as those cited above, there must be a compensatory action 
on the part of the muscles and other cellular tissues, in storing or 
assimilating such an excess of nitrogen and not allowing it to appear in 
the blood as waste nitrogen The solution of this problem involves the 
whole question of intermediary protein metabolism, and cannot be fully 
discussed here 

CONCLUSION 

A marked positive balance of nitrogen in cases of nephritis on a 
mixed diet is not necessarily followed by a corresponding increase m 
the nonprotein nitrogen of the blood Until these phenomena are 
elucidated, discretion must be exercised in interpreting a normal figure 
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for nonprotein nitrogen of the blood as indicating that no nitrogen 
retention has taken place, and in considei mg a positive nitrogen balance 
as an absolute indication of the inability of the kidney to excrete this 
substance 


The Johns Hopkins Hospital 
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Diabetes Mflutes Designed for the Use of Practitioners of Medicine B> 

Nellis B Foster, M D , Assistant Professor of Medicine, Cornell Universit}" 

Cloth Price, $3 net Pp 243 Philadelphia J B Lippincott Company, 1915 

Dr Foster has added to the large existing literature of diabetes, not a 
monograph containing new discoveries, but a valuable compilation of existing 
knowledge for the general practitioner This it frankly purports to be, and 
that there is need for such a hook in English admits of little question The 
value of such a compilation resides wholly in the critical judgment exercised 
by the author in selecting from the vast material in the field, in the point of 
view from which he surveys that material, and the clearness and order of its 
presentation The compilation by a man who has done no independent work 
m a field can have no value because such a man possesses no basis for 
critical judgment 

Dr Foster has been a student of diabetes both from the clinical and the 
biochemical standpoints, and he has succeeded in selecting what is essential 
and m presenting with about equal emphasis the important theoretical investi- 
gations on which our knowledge of diabetes rests and the practical considera- 
tions which determine treatment and prognosis The book is perhaps best as 
a sane and simple presentation of the diabetic metabolism Any clinician 
who familiarizes himself with the contents of its first eight chapters will 
have an adequate theoretical basis for his practice The method of treatment 
outlined is the orthodox one in vogue for many years, very satisfactorily 
worked out for the general practitioner with diet tables and reasonably 
detailed directions The illustrative cases introduced everywhere make excel- 
lent object lessons and add greatly to the usefulness of the chapter on treat- 
ment, as well as to that on symptomatology It is unfortunate for Dr Foster 
that his book appeared just before the publications of Allen, which have 
excited so wide an interest in the application of much more rigorous starva- 
tion in the treatment of diabetes than has ever previously been attempted It 
IS well to point out, however, that the exact limitations of the starvation 
treatment have not yet been clearly determined, and that only a practitioner 
who has at hand such knowledge as Dr Foster’s book presents can wisely 
apply this newer plan of management 

Such criticisms as can be made concern matters of detail There are 
a number of errors due to poor proof reading, and some departures from good 
usage in the language An important omission of at least one entire line 
occurs at the top of page 49 On page 19, in discussing the concentration 
of the blood in diabetes, it is stated to be unusual, as evidenced by a normal 
freezing-point, and the “not” seems to have been omitted In the description 
of a case of diabetic coma on page 135, the figure for ammonia nitrogen 
evidently contains a misplaced decimal point The reviewer would differ with 
the statement under Symptomatology that rapid wasting is readily explained 
by the loss of sugar through the urine, for he believes that loss of water 
IS the chief cause of rapid loss of weight He also believes that fever, rather 
than a subnormal temperature, is common m coma 

Foster’s dicta as to prognosis are based on considerations which seem to 
the reviewer incontestable in the mam, the age of the patient, rather than 
the severity of the disease existing at the moment, being given the greatest 
wbight He would, however, feel that the statement that all children succumb 
within a comparatively short period is too sw^eeping Cases of protracted 
duration of a mild type of diabetes are knowm to exist in children, and the 
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reviewer has personal knowledge of them Such cases were reported, for 
instance, by Landahl The explanation of the disappearance of sugar from 
'the urine in older patients with hypertension leaves one without a clear idea 
of the author’s real views Similarly, in discussing the total metabolism, while 
giving the views of Benedict, Joslin and others, he does not indicate his 
own belief He does, however, quite plainly express his opinion that some 
of the severest diabetics show the dextrose ratio of 3 65 to 1, on which Lusk 
has always laid stress In the treatment of coma by intravenous infusion of 
alkali, no allusion is made to the use of sodium bicarbonate, made by passing 
CO 2 through the solution Magnus-Levj^ has shown clcarlj the value of this 
The discussion of the treatment of the surgical complications of diabetes is 
excellent for so short a book, and the advice given seems very wise, and 
based on sound clinical observation Ihc final chapter on the identification 
of sugars is a useful accompaniment of the book, but it is not ver\ intelligibly 
presented 

The \olume may be recommended to the physician who is not a specialist 
in the chemical side of medicine as a sane statement of existing knowledge 
and a sound basis for practice 


A CORRECTION 

Attention is called to an error on page 7 of The Archives for January in 
the article by Dr Frank A Evans, “Observations on the Origin and Status 
of the So-Called ‘Transitional’ White Blood Cell’’ The last sentence of the 
legend of Figure 2 should read “Solid line above, polymorphonuclears , line 
with crosses, transitionals , line with dots, large mononuclears ’’ The error 
consisted in a transposition of the descriptions of the lines with crosses and 
dots, giving an erroneous idea of what the author intended 
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VENTRICULAR HEMORRHAGE A SYMPTOM-GROUP ' 

ALFRED GORDON, MD 

PHILADELPHIA 

Hemorrhage in the biain may be extraventricular or intraven- 
tricular In the latter case the blood may originate m the ventricle 
itself and produce a primar}'^ ventricular hemorrhage In the first, the 
original seat of the hemorrhage is the tissue surrounding the ventricle 
and the ventricle itself is only secondarily involved Secondary effusion 
of blood into cerebral ventricles is not an infrequent phenomenon, 
while a primar}'- hemorrhage within the ventricular cavity is rather a 
lare occurrence, judging from the meager literature on the subject 
Not many records are to be found on primary intraventricular 
hemorrhage Nevertheless, sufficient data have been accumulated to 
deseive a special description 

The mechanism of formation, the pathology, the course, the 
s)nnptomatolog 3 ^ of ventricular hemorrhages have been somewhat 
differently considered by various authors who have had the opportunity 
to obseive such findings All writers, however, concur in the belief 
that this form of cerebral hemorrhage is quite infrequent In view of 
this infrequency it may be of interest to place on record twelve personal 
cases of extraventricular and intraventricular hemorrhage studied from 
anatomical and clinical standpoints The study of this series suggests 
a remarkable uniformity m the pathological aspect and m the manifesta- 
tions during the patients’ lives, so that diagnostic inferences appear to 
be admissible 

Out of the twehe cases seven presented secondary effusion into 
the ventricles from an original extraventricular area situated close in 
the vicinity of the cavity The remaining five cases are examples of 
primary intraventricular hemorrhage 

I propose to consider first the latter group and the mechanism of 
formation of the hemorrhage before several other interesting features 

PATHOLOGY 

In Cases 2 and 3 sections of the brains were made on the third day 
of hardening, the blood was washed out thoroughly from the lateral 
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ventricles and the source of bleeding could be distinctly seen in the 
choroid plexuses The choroid plexuses hci\ e been considered by man) 
observers as the piincipal source of intiaventncular hemorrhages 
From the time of Morgagni, who unifoimly consideied those plexuses 
as being the unique souice of the bleeding, up to the present time, the 
majority of observers believe that even m cases m uhich the seat of 
the bleeding could not be discoveied, the blood vessels of the choroid 
plexuses are the origin of the ventiiculai hemorrhage Degeneration, 
chronic inflammation, fatty changes, calcareous deposits, dilatation — 
all these conditions have been obserced in the ^esscls of the plexuses 
Thrombosis, aneurisms of the bloodvessels, angiomatous tumors and 
cysticeici attached to the plexuses have been observed in a few cases 
(Bioca) Seious cysts oiiginating in the vails of the blood vessels 
have been found in aged individuals also in cases of atrophy of the 
biain (Wilks) In the Cases 2 and 3 in vhich ruptuie of vessels of 
the plexus was present, the ^ essel wall showed fatty degeneration and 
rounded yellowish masses weie seen in the posterior portions of the 
plexus These masses were very likely remains of foimer blood effu- 
sions In all of them pronounced changes veie ecident in the ultima, 
such as disappearance of the endothelium, degeneiation and thickening 
The elastica interna usually followed the changes of the iiitima The 
adventitia was found thickened in some vessels, but the media was 
frequently seen alteied, viz, granular and calcareous masses were 
present Some vessels were gieatly distended with blood, but not to 
the extent of formation of aneurysm On none of the sections could 
a true or false aneurism be detected 

In Cases 1 and 4 after the blood was washed out erosion of the 
ventricular walls could be seen Here the blood vessels were found 
enlarged and distended with blood Some of them showed calcareous 
deposits , in others complete occlusion with thrombi was evident Both 
individuals were of somewhat advanced age, one 63 years old, the other 
67 The ulcerations mentioned were seen on the wall of the corpus 
striatum m the lateral ventricle 

Case 5 is most interesting from the standpoint of pathogenesis 
Nothing abnormal could be found macroscopically, but under the 
microscope very small aneuiysmal enlargements could be seen 

As is well known, miliary aneurysms were considered by Charcot 
and Bouchard as the chief cause of cerebral hemorrhage Before them 
distention of blood vessels and aneurysms were mentioned as causes 
of cerebral hemorrhage But since these two obseivers published then 
monograph in 1868, the subject of miliary aneurysms was indiscrim- 
inately emphasized as being the sole etiologic factoi In^ their collection 
of eighty-four cases of cerebral hemorrhage, in all of them multiple 
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milian ancui ysms \\ ei e found In then study they confined themselves 
to gloss pathological changes They placed the brains 111 water and 
small floating masses of tissue with then \ascular attachments were 
picked out and examined undei magmf3nng glasses 


r / 


Fig 1 — Pnmary intraventricular hemorrhage (in lateral cornua on right) 
Note deviation of the opposite side Patient operated on 

The subsequent writers on the subject studied miliary aneurysms 
from the histological standpoint The intima, the adventitia and the 
musculaiis have all or individually been considered as the origin of 
aneurysmal dilatation of the blood vessel Lowenfeld^ from a study 

1 Lowenfeld Studien tiber Aetiologie u Pathogenese der spontanen Hirn- 
blutungen Wiesbaden 
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of seventeen brains, all with miliaiy aneurysms, found in ever} one 
the thiee vessel coats peifectly intact The weight of opinion of the 
majority who believe m the existence of miliary aneurysms, ho\\e\ei, 
IS that the changes begin fiist m the media The latter degenerates, 
becomes atrophic, the entire vessel wall becomes then noniesistant, and 
aneurysmal dilatation follows This condition occuis especially m the 
very small ceiebial arteiies In a large number of cases no miliary 
aneiuysms were found and the luptuie of the blood vessels was due to 
a diftuse degeneiation of their walls Kaufman,- for example, finds 
atheromatous changes m the laige cerebial blood \csscls and h} aline 
degeneration in the small ones 

Finally, the existence itself of miliaiy aneurysms is disputed by 
some writers 

In my case, aftei a thoiough washing of the hemorrhagic lateral 
ventricle the brain tissue on the inner wall as seen torn and a number 
of exposed small vessels could be noticed Poitions of the lacerated 
tissue were placed in water so as to enable me to obseixe the blood 
vessels Some of them were ii regular and projections were seen on 
their walls The remainder of the tissue was haidened in Muller’s 
fluid and later examined microscopically Imbedding was done in 
celloidm Staining was done with osmic acid, Weigert's hematoxylin 
and ammonia carmiii Sections w'cre made longitudinally and per- 
pendicularly to the vessel Marked changes of the intima and the 
elastica were found on many sections Rupture of the intima and 
blood placed betw^een the latter and elastica w'ere seen on some sections 
Sw^eliing of the intima, disappearance of the endothelium, and hyaline 
appearance of the elastica could also be seen Lesions of the media 
were always seen in conjunction xvith lesions of the intima, degenera- 
tion or calcareous deposits, thickening, w'ere observed in the latter 
The adventitia was seen split in one oi tw^o layeis wnth blood betiveen 
them In the aneuiysmal dilatations no clear distinction could be made 
of the individual membranes of the vessel wall The latter consisted 
only of a few thin bands infiltrated xvith leukocytes The aneurysms 
were filled with blood and in some sections blood was seen immediately 
around the vessel In the latter cases the opening of the ruptured 
vessel could be traced A gradual transition from the vessel xvall to 
the aneurysm was noted In all cases the changes of the intima become 
more and more marked as the aneurysmal sac is approached In a 
number of sections the so-called dissecting variety of aneurysms could 
be seen, viz , a sacular dilatation of the vessel was present and blood 
had penetrated between the intima and the media or media and 
adventitia 


2 Kaufman Specielle Pathologic Anatomic, 1907 
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The histological findings in all the five cases 
that as far as the mechanism of foimation of tl 
cerned, the latter may be produced by simple rup 
or of a miliary aneurysm, but m both cases profi 
or all layers of the wall are always present 
pronounced m the intima 



Fig 2— Primary intraventricular hemonhage (< 
involved) Note deviation of the opposite side 


The seat of the primary intraventricular hem 
my five cases, is distributed as follows Two 
ventricles , m one of them blood was found in th 
ventricle and only in the anterior and posterior 
ventricle , in the second case the hemorrhage was 
of one ventricle and only m the posterior cornua 

It nr /a itT nitTia lofot-nl 
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of five cases the i ight lalei al \ entncle seems to be the pi eclominant seat 
of hemorrhage In only one case was the hemorrhage seen exclusively 
m the left lateial ventiicle 

The se\en cases of secondary ventricular hemorrhage present this 
peculiarity, that heie hemoiihagc in both lateral \entricles uas seen in 
a larger number (five) than in cases of jinmary ^entrlcular hemorrhage 

The blood m the ventricles was found coagulated m four cases and 
fluid 111 one case In the latter, death ensued instantaneously In the 
former in six, seien, tuelve and twenly-foui dais, respectuely The 
patient in the lattei case i\as opeiated on (sec below) and at necropsy 
a firm clot w'as found It is interesting to note that in tbe unilateral 
cases the ventricle which w'as free from blood was filled with serous 
fluid The w'alls of the ventricles jircsented small erosions m three 
cases In tw'O cases w itli diseased blood vessels of the choroid 
plexuses, the ventiicular w'alls w'erc intact It is to be presumed that 
the lacerated face of the lentricles w'as the result of the diseased 
vessels and of miliaiy aneurjsms which cccntiially ruptured Under 
the microscope destruction of tissue was seen, but there was no indica- 
tion of a degenerative state wdiich usually follow'S softening The 
remainder of the brain wnth its meninges w'as intact 

In all the five cases the brain tissue in tbe immediate vicinity of the 
hemorrhage sufteied destiuction In thiee cases the hemoirhage, 
besides destroying the surrounding brain tissue and pushing outw'ard 
the remaining cortical substance, exercised also considerable pressure 
on the opposite hemispheie and disfigured it This latter fact, 
observed at first in one case, suggested a certain surgical procedure for 
relief of increased intracranial pressure wdnch wnll be discussed later 
In the tw^o other cases the hemorrhage was bilatei al so that no marked 
displacement of brain substance to one or to the other side could be 
observed 

The pathology of the second senes of my cases, seven in numbei, 
presents no special features deserving special mention The original 
hemorrhage occurred in all in the internal capsule and inundated 
secondarily the lateral ventricles Bilateral hemorrhage w^as present 
in five out of sei en cases In the twm unilateral cases the right lateral 
ventricle alone was involved In three cases w'^ere found degeneiative 
changes of blood-vessels, especially of the intima, such as w'^as described 
in the cases of primary ventricular hemorrhage In four cases multiple 
miliary aneurysms w'^ere seen m the seat of original bleeding The 
technic as to preparing the tissue hardening and staining w'^as exactly 
the same as m the first series 
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DirrCRENTIAL CLINICAL FEATURES 

The most interesting manifestations in the primary ventricular 
hemorrhages of my live cases were the sudden onset, the most pro- 
found coma fiom the very beginning, convulsions more marked on 
the side opposite to the lesion than on the same side in the unilateral 



Fig 5 — Primary intraventricular hemorrhage (both lateral ventricles) 


cases, and on the side opposite to the seat of the largest hemorrhage in 
the bilateral cases , finally, absence of marked paralysis — the latter was 
very slight These four symptoms were uniformly present m all the 
five cases at the time when the attack was ushered in 
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During the comatose state two patients with unilateral hemorrhage 
had several convulsive seizin es, always conti alatcral , the other three 
patients had but one initial attack The most stiikmg phenomenon is 
the absence of tiue paralysis At first similarly to ordinary cerebral 
hemorrhage, the sudden loss of powei was CMdent, but subsequently 
during the patient’s shoit life the usual rigidity and contracture did not 
appear The absence of rigidity is quite interesting, as since Durand- 
Fardel, early conti actuie of th„ limbs had been considered pathogno- 
monic of piimaiy mtiaventiiculai hemoirhage 

Loss of power is very slight The latter becomes especially evident 
where the patient attempts in his comatose slate to move his limbs or 
when he defends himself against external stimulations As to the 
reflexes, the knee-jerk on the paral}zed side 'was not especially 
increased, although it was somewhat greater than on the normal side 
Ankle-clonus was absent, the toe phenomenon was also absent stimula- 
tion of the sole provoked no movement of the toes at all, neither was 
there any response of the toes wnth the test foi the paradoxical reflex 
In the cases of secondaiy \entricular hemorrhage the already 
existing paralysis and contracture became markedly accentuated at 
the time the ventricles w'ere invaded The abnormal reflexes wdiich are 
usuall}' present in hemiplegias w'ere manifest heie All these patients 
were comatose at the time of the ventiicular attack and neier regained 
consciousness during their remaining short life Among other 
distinguishing although not constant features of primary ventricular 
hemorrhage may be mentioned the character of the premonitory 
symptoms and the duration of the comatose state 

In three of my five patients the attack w'as ushered m wnthout the 
least preceding objective or subjective disorder One patient com- 
plained for a few hours of a slight headache, and another patient of a 
slight vertigo during twm preceding days The attacks consequently 
bear no relation to the existence or nonexistence of premonitory 
symptoms Two of the patients w’^ere aged individuals, above 60, and 
presented evidences of arteriosclerosis, three w^ere of middle age 
without apparent arterial changes 

The character and duration of the coma are of interest The 
latter appeared at the commencement of the seizure, remained com- 
plete throughout the short life In the secondary ventricular hemor- 
rhage the coma was also present with the irruption of the blood into 
the ventricle Therefore the mere existence of unconsciousness is of 
little value in differential diagnosis It is the sudden onset of profound 
coma without preceding hemiplegia that wall determine the diagnosis 
of a primary hemorrhage m the ventiicle 
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In the series of secondary ventricular hemorrhage, death followed 
but a few hours after the inundation of the ventricle in every case In 
the cases of the primary variety, with one exception of instantaneous 
death, life persisted from six to twenty- four days The latter patient 
was operated on, which probably accounts for the longest duration 
The subject will be discussed later The other three patients lived 



Fig 4 — Primary intraventricular hemorrhage (on right) 


though unconscious six, seven and twelve days, respectively The seat 
and the size of the hemorrhage have no direct relationship to the dura- 
tion of life Thus, in Case 3 the hemorrhage was more e^ctensive than 
in Case 4 Nevertheless, the foimer lived twelve days and the latter 
but SIX days On the whole it seems that the fatal issue is less rapid 
in the primary than in the secondary variety of ventricular hemorrhage 
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A rapid glance at the brains in the five cases of primary ventricular 
hemoirhage shows displacement of the brain tissue to the side opposite 
the blood in thiee cases, and consequently the possibility of the comatose 
state as due to sudden undue pressuie on the noimal side of the brain 
appeared to be highly plausible Such a finding in one case suggested 
the idea of surgical intervention m other cases vith the object of 
relieving the intiacianial pressuie on the sound side Accordingly an 
attempt was made in one case for a decompressue ojieration Although 
the patient (a woman of 45) did not recover e\cntually, nevertheless 
the duration of her life vas piolonged to twenty-foui days 
Immediately after the operation there was a decided improvement in 
her lespiration, in response to external stimulation, in the cardiac 
action For several da 3 's she could open her eyes coluntarily and when 
called by her name, she could be fed more readily than before, as she 
would lespond to requests to open her mouth, and she could swallow 
On the twentieth day the coma leturned and on the twenty-fourth day 
she expired The improvement obtained was undoubtedly due to the 
relief of the intracianial pressure Unfortunately the operation w'as 
consented to only on the fifth day after the apojilectic seizure, viz, 
after five days of a comatose state Eflorts w'ere made to operate in 
the other foui cases, but pei mission could not be obtained 

SUMMARY 

The present study suggests the follow ing interesting features in 
primar}^ intraventricular hemorrhage 

1 From a diagnostic standpoint sudden onset without piemonilory 
symptoms, profound coma at the outset and continuing for several 
days without improvement, absence of genuine paralysis, absence of 
iigidit}- and contracture during the days follownng the seizure, absence 
of the toe phenomenon — all of these manifestations speak in favoi of 
primary ventricular hemorrhage 

It should be borne m mind that in all the five cases the hemoi i hage 
occurred only in the lateial ventricles The above mentioned phenomena 
W'^ere observed in but five cases The number is too small to draw'^ 
general conclusions Nevertheless they appeared sufficiently uniform to 
permit the possibility of their pathognomonic nature, at least in cases 
wffien hemorrhage occurs in the lateral ventricles alone 

2 The next important feature of the subject is the surgical intei- 
vention on the sound side based on the existence of a disj^lacement of 
the brain to that side It is possible that the profound comatose state 
IS due precisely to the sudden compression of the normal brain tissue 
The amount of improvement obtained m one case w'^as a sufficient 
encouragement in that direction If a decompressive operation on the 
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sound side is to be undertaken, it must be done promptly after the 
onset In my case the operation was performed on the fifth day and 
in spite of this delay some amelioration of the condition was decidedly 



Fig 5 — Primary intraventricular hemorrhage (both lateral ventricles) 


manifest It is to be presumed that the earlier relief from intracranial 
pressure is obtained, the more prolonged the favorable results that will 
be observed 
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THE GASTRIC MUCOSA IN DELIRIUM TREMENS' 

EDWIN F HIRSCH, MD 

CHICAGO 

In the experience of Dr E R Le Count, coi oners plnsician in 
Chicago, petechial heinorihages in the stomach lining are among the 
most constant lesions found in the bodies of persons dying during the 
acute delirium of chronic alcoholism d'his condition has been con- 
sidered an acute alcoholic gastritis, but m the absence of any 
microscopic examination of similar lesions, the nature of these changes 
was called in question The present study, therefore, was taken up 
with the view of determining the microscopic appearance of these 
hemorrhages, and to see if they actually are a part of an acute 
inflammation 

Ka 3 ^ser^ in a report of the gross anatomic changes m the bodies of 
120 persons dying with delirium tremens, mentions thirteen instances 
of hyperemia or ecchymoses in the sixty-mne bodies in which changes 
in the stomach were noted An inquiry into the literature for micro- 
scopic studies on the stomach in chronic alcoholism disclosed only a few 
such investigations, with very little comment on the condition of the 
organ in delirium tremens On the whole, the stomach condition, where 
It has been mentioned, is dismissed with the gross descriptive term of 
“chronic gastritis,” without further inquiry into the character of the 
microscopic picture In all of the reported examinations of the stomach 
in chronic alcoholism there is no lecoid of hemorrhages in the gastric 
mucosa The omission of a microscopic examination of the gastric 
mucosa is not surprising when the difficulties of obtaining freshly fixed 
material are appreciated, and unless the stomach tissue is removed 
almost immediately after death, autodigestion occurs so rapidly as to 
make useless an histological study 

In the experimental studies on the influence of alcohol on lower 
animals some interesting changes have been noted in the stomach 
Kremiansky,- working with dogs, observed a slight catarrhal inflamma- 
tion of the stomach and bowel, manifested by an edema, thickening, and 

Submitted for publication, Nov 9, 1915 

^ From the Laboratories of Pathology of Rush Medical College and the 
University of Chicago 

1 Kayser, O Em Beitrag zur Alkoholfrage, I D , Kiel, 1888 

2 Kremiansky, J Ueber die Pachymeningitis interna hemorrhagica bei 
Menschen und Hunden, Virchows Arch f path Anat , 1868, xlii, 321 
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slight pigmentation Riige,^ after introducing alcohol into the stomachs 
of dogs through a tube, found hyperemia of the mucosa m some, ecchy- 
moses m one, blood-stained feces m another, and marked swelling of the 
gastric mucosa m a third No changes were seen m the tissues of 
labbits receiving alcohol subcutaneously from four to thirteen days 
During an experimental study of alcoholic liver cirrhosis in rabbits, 
Straus and Blocq^ found changes to a greater or less degree in all 
stomachs In the stomachs of those animals dying within the first 
days or weeks there were eiosions and hemorrhages , of those sui viving 
a longer period of experimentation theie were either healed or nearly 
healed ulcers The mucosa of the latter was pale, thickened, and 
generally covered with mucus Naturally, as QuenseP suggests, the 
mechanical effect of the stomach tube in these experiments must be con- 
sidered Microscopically, the gastric mucosa of these animals was in- 
filtrated with round cells Dujardm-Beaumetz and Audige® observed 
hyperemia of the alimentary tract with occasional hemorrhages 
Afanassijew," after intioducmg alcohol into the stomachs of dogs, 
labbits, guinea-pigs, and rats, found a marked increase of the mucous 
secietion, and a considerable hyperemia of the mucosa Occasionally 
extravasations of blood were present m the mucosa of dogs’ stomachs, 
lesions rarely seen in the stomachs of rabbits Microscopically these 
hemoirhages m the gastric mucosa were of variable size, sometimes 
extending through the entire width of the mucosa, and covering a con- 
siderable surface area From a veiy limited experimental series (two 
dogs), Chretien® concludes that alcohol produces in the dog a chronic 
gastritis with the formation of cysts and a return of the mucosa to an 
embryonic state These changes, he says, correspond with those 
described under the name “mucous gastritis ” Braun,® feeding rabbits 
and dogs with alcohol for a considerable period of time, could not con- 
firm the changes described by Afanassijew In several rabbits he 
observed stomach erosions and recent hemorrhages, which he thinks 

3 Ruge, P Wirkung des Alcohols auf den thienschen Organismus, Virchows 
Arch f path Anat , 1870, xhx, 252 

4 Straus and Blocq Etude expenmentale sur la Cirrhose alcoohque du 
Foie, Arch de Phys norm et path 1887, x, 409 

5 Quensel, Ulrik Alkoholfragan fran Medicinsk Synpunkt Uppsala and 
Stockholm, 1913 

6 Dujardm-Beaumetz and Audige Recherches expenmentales sur I’alcool- 
isme chronique, Compt rend de I’Acad d Sc , 1883, xcvi, 1557 

7 Afanassijew, W A Zur Pathologie des acuten und chronischen Alko- 
holismus, Ziegler’s Beitr , 1891, ix, 349 

8 Chretien, M Sur les Alterations de la Muqueuse gastnque et les modi- 
fications du Chimisme sous I’lnfluence de I’lngestion prolongee d’Alcool These 
Lille, 1897 

9 Braun, H Ueber die experimentelle durch chronische Alkoholintoxica- 
tion hervorgerufenen Veranderungen in zentralen und peripheren Nerven- 
system Inaugural Dissert , Tubingen, 1899 
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lesulted from the alcohol, this having been given ni lalher high con- 
centrations Baumgarten" gave alcohol to rabbits by mouth and sub- 
cutaneously With both methods of admimstiation he observed 



Low power sketch locating the hemorrhages in the gastric mucosa, and 
illustrating the absence of acute inflammation about them 


10 Von Baumgarten Ueber die durch Alkohol hervorgerufenen pathologisch- 
histologischen Veranderungen, Verhandl d Deutsch Path Gesellsch , 1907, 
XI, 229 
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numerous hcmoirhagic erosions of the gastric mucosa Since the 
mechanical factor is absent m animals receiving alcohol subcutaneously, 
Baumgarten believes that the stomach lesions are not produced 
mechanically, but that they have some i elation to the alcohol action, 
probably being the result of some vascular disturbance, such as a vaso- 
motor spasm producing an anemic neciosis on which the gastric secie- 
tions act D’Amato^^ obseived m the stomachs of two dogs daily 
receiving alcohol over a peiiod of three and a half months, hyperemia, 
pai enchymatous and interstitial inflammation Fahr,^^ experimenting 
with guinea-pigs and rabbits for long periods, observed no changes m 
the stomachs of the guinea-pigs, but in those of the rabbits he noted a 
distinct reddening Microscopically there was nothing abnormal 

Fiom this brief review, in which no attempt is made to collect all 
the experimental data concerning the effect of alcohol on the stomach of 
animals, there is noted a considerable divergence of observed conditions 
Quensel does not think a deal and definite picture of the effect of 
alcohol on the stomach wall is possible from these studies As is well 
known, alcohol m strong concentrations acts as a caustic on the gastric 
mucosa, and inasmuch as some experimentei s gave alcohol m this form, 
an explanation for their findings seems probable However, such 
strong alcohol is rarely used by chronic alcoholics 

To obtain mateiial satisfactory for miscroscopic study, Zenker’s 
fixing fluid was introduced into the stomach by means of a stomach 
tube immediately after death During the postmorten examination 
later, portions of the fixed stomach were removed and preserved in 
alcohol Of the twenty-one stomachs examined in this way, nine are 
from ‘bodies that anatomically confirmed the clinically diagnosed 
delirium tremens , the other twelve stomachs are from the bodies of 
persons dying from various other disorders, some having been chronic 
alcoholics for many years The latter group serves as a comparative 
control in this study For the microscopic study, small pieces of tissue 
from both the anterior and posterior walls, respectively, in the pyloric, 
fundic, and cardiac regions of each stomach, weie embedded in 
paraffin, sectioned, and stained with hematoxylin and eosin in the usual 
way Thus large series of sections were prepared with tissues taken 
from six different regions of each stomach, making possible a careful 
examination 


11 D’Amato, L Ueber expenmentelle vom Magendarmkanal aiis hervorger- 
ufenen Veranderungen der Leber und uber die dabei gefundenen Veranderungen 
der ubngen Bauchorgane, Virchows Arch f path Anat , 1907, clxxxvii, 435 

12 Fahr Beitrage zur Frage des Chronischen Alkoholismiis Virchows Arch 
f path Anat, 1911, ccv, 397 
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Table 1 contains the histological icport of the delirium tremens 
stomach with a brief statement of the cause of death, and some clinical 
and anatomic notes of inteiest Table 2 contains similai data foi the 
stomachs studied as controls 

The mucosa of all the stomachs removed from poisons d}ing with 
delirium tremens contains hemorihages of varying dimensions The 
largest arc easily iccogni7ed with the unaided eye, while the smallest 
are micioscopic in size All of these hemorihages he m that portion of 
the mucosa immediately adjacent to the stomach lumen, and none is 
found ill the deepei portion, noi m the submucous or muscular laycis 
Microscopically, the smallest hcmoirhages are minute aieas of tissue 
edema with a small numhei of led blood coipuscles l)mg free in the 
inteistitial tissue spaces The larger ones are extensive collections of 
led blood cells closely packed into the tissues of the mucosa There 
are no polymorphonuclear leukocytes cithci among the red corpuscles 
111 these hemorrhages or m the suiiounding tissues In fact, the 
absence of changes indicating acute or chronic inflammatory processes 
IS striking Only a few widely isolated, small collections of 
polymorphonuclear leukocytes in and about some of the stomach tubules 
have been observed, and these without exception have had no relation 
with the hemorihages described 

There are no hemorrhages m the mucosa of the stomachs used in 
this study as comparative controls, except those in which death was 
accompanied by or resulted fiom an acute toxic condition 

Excepting for the presence of hemorrhages, the stomach in delirium 
tremens is unaltered to any great extent This is of especial interest, 
inasmuch as chronic alcoholism frequently is said to produce a chronic 
catarrhal gastritis In only three of the twenty-two stomachs examined 
is there any micioscopic evidence of a mucoid degeneration of the 
epithelium, and comparison with tissues used by Bensley^® in describing 
the normal histology of the stomach revealed no stiikmg alteration 
excepting as mentioned 

The occurrence of petechial hemorrhages in the gastric mucosa of 
persons dying in delirium tremens affords additional evidence on which 
a gross anatomic diagnosis of this disorder may be made In the 
absence of acute toxic processes accompanying death, the presence of 
multiple petechial hemorrhages in the stomach lining is of great signi- 
ficance, and when taken into account with the clinical and other 
anatomic data, affords a substantial basis for ascribing the cause of 
death to delirium tremens Kayser's report of anatomic changes in 
delirium tremens is simply a tabulation of changes present in the bodies 


13 Bensley, R R Ref Handb Med Sc, 1904, (7), 461 
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TABLE 1 — Data "Concerning Delirium Tremens Stomachs 


Microscopic Study of 
No Gastric Mucosa 


1 Large hemorrhages in the 
fundus and cardia 


2 Small hemorrhages in the 

fundus and cardia Mod- 
erate atrophic gastritis 

3 Very small hemorrhages , 

marked hyperemia , small 
collections of polymor- 
phonuclear leukocytes m 
and about the tubules , 
moderate atrophic gas- 
tritis 

4 Numerous small hemor- 

hages , marked hyper- 
emia , moderate post- 
mortem changes 

5 Few small hemorrhages , 

moderate hyperemia , 
slight postmortem 
changes 


6 Numerous small hemor- 

hages , marked hyper- 
emia and edema small 
collections of polymor- 
phonuclear leukocytes in 
and about some of the 
tubules 

7 Widely disseminated 

small hemorrhages, 
small areas of mucoid 
degeneration of the tubu- 
lar epithelium, and small 
collections of polymor- 
phonuclear leukocytes 
about some of the 
tubules 

8 Numerous small, widely dis- 

seminated hemorrhages , 
moderate hyperemia 


9 Very small hemorrhages, 
mucoid degeneration of 
the glandular epithelium 


Cause of Death Clinical and Anatomic 

Notes 


Delirium tremens Aged 30 Came to the hos- 
pital irrational , became 
wildly irrational and died 
shortly after 

Delirium tremens Aged 50 Observed one day 

Anatomically, delirium 
tremens 

Delirium tremens Aged 52 Observed one 

day with diagnosis of 
chronic alcoholism Had 
been a chronic alcoholic 
for 30 years 


Delirium tremens Aged 29 Observed four 

days Was an habitual 
heavy drinker, irrational 
when admitted , present 
bout of a week’s duration 
Delirium tremens Aged 38 Observed two 

days Was irrational when 
admitted , had been a 
chronic alcoholic for 
twenty-three years 

Delirium tremens Aged 44 Observed one day 

without a clinical diagno- 
sis Anatomically only de- 
lirium tremens 


Delirium tremens Aged 44 Was a heavy 

drinker for twenty-four 
years Clinically diagnosed 
delirium tremens Ana- 
tomically had disappear- 
ing contusions of the cere- 
bral cortex 


Delirium tremens Aged 50 Had been drink- 
ing indefinitely when ar- 
rested , observed eighteen 
days, on the second be- 
came irrational, and later 
developed pneumonia Ana- 
tomically pseudolobar 
bronchopneumonia 

Delirium tremens Aged 47 Observed five days 

with clinically diagnosed 
delirium tremens and 
chronic nephritis 




TABLE 2 — Control Stomachs 


Microscopic Study of 
No Gastric Mucosa 


Cause of Death 


Cluneal and Anatomic 
Notes 


1 Small hemorrhages in the 
fundus and cardia , mod- 
erate atrophic gastritis 


2 Moderate edema , marked 
atrophic gastritis 


3 Moderate hyperemia and 
edema , slight atrophic 
gastritis 


4 Slight edema and luper- 
emia 


5 Small hemorrhages in the 
cardia 


6 Slight edema and hyper- 

emia 

7 Moderate hyperemia and 

edema , marked postmor- 
tem changes 


8 Moderate hyperemia and 

edema , slight mucoid de- 
generation and atrophy 
of the gastric glands 

9 Moderate hyperemia , small 

collections of polymor- 
phonuclear leukocytes 
about some of the tu- 
bules , moderate atrophic 
gastritis 

10 Numerous hemorrhages 


11 Slight hyperemia and ede- 
ma 


12 Slight hyperemia and ede- 
ma 


Meningitis Aged 40 Observed two 

days, irrational when ad- 
mitted, skull fracture sus- 
pected Anatomicallj% sup- 
purative otitis media and 
lateral sinusitis 

Skull fr.icture Aged 83 Was irrational 

when admitted and clin- 
icalh diagnosed delirium 
tremens 

Spontaneonp Aged SO Pachj meningitis 

hemorrhage hemorrhagica Clinically 

diagnosed delirium tremens 
and lobar pneumonia Ana- 
tomically marked compres- 
sion of the brain, but no 
skull fracture found 

Fractured calca- Aged 39 Obser\ed one 

neus da\ , four days before en- 

(Fat embolism^) tr\ fell from a ladder, 

drank periodicallj ten to 
fifteen glasses of whiskey 
daih 

Pulmonari a n d Aged 42 Observed one 

generalized mil- daj 

lary tuberculo- 
sis 

Lobar pneumonia Aged 22 Lobar pneumonia 
clinically and anatomic- 
ally 

Perirectal ab- Aged 38 Obscr\ed tw'elve 
scess , p n e u- days w'lth clinically diag- 

monia nosed delirium tremens 

and lobar pneumonia 
Anatomically, burrow'ing 
perirectal abscess, pj^emia 

and pneumonia 

Lobar pneumonia Aged 40 Clinically and ana- 
tomically lobar pneumonia 

Skull fracture Aged SO Observed tbirtv 

minutes Had been drink- 

ing for three days and on 
the day before entering 

the hospital a friend had 
noticed him acting queerly 

Tuberculous men- Aged 38 Observed six days, 
ingitis and history of being an habi- 

peritonitis tual drinker 

Lobar pneumonia Aged 28 Observed three 

days under "the clinical 
diagnosis of chronic alco- 
holism and lobar pneu- 
monia 

Spontaneous ( ^) Aged 34 Admitted uncon- 
subdural hem- scious and observed one 

orrhage day Stated he had been 

struck on the head twm 
days previously, had been 
drinking A large sub- 
dural blood clot w’^as re- 
moved during an opera- 
tion 
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of pel sons clinically diagnosed as having delirium tremens This tabu- 
lation does not take into account delirium m every way resembling that 
produced by alcohol, but due to some other entirely different factor, 
such as meningeal hemorrhage, lobar pneumonia, tuberculous meningi- 
tis, skull fracture with sinus thrombosis and acute meningitis, suppura- 
tive meningitis, cerebral hemorrhage, trichinosis, bone fractures, 
icterus, suppurative cystitis and prostatitis, and acute tuberculous peri- 
tonitis These conditions certainly could produce a delirium in every 
respect resembling that of delirium tremens The elimination of such 
doubtful instances of delirium tremens would dimmish considerably 
the number of necropsies reported by Kayser, and would increase 
materially the percentage of instances in which petechial hemorrhages 
occurred in the gastric mucosa 

That simply the chionic alcoholism produces the petechial 
hemoirhages in the stomach lining is not borne out by the repeated 
examination of the stomachs of chronic alcoholics when such changes 
are not present m the mucosa QuenseP records an autopsy on a 
chronic alcoholic, a carpenter by trade, who had used intoxicating 
liquors in large quantities for a long time In the stomach, Quensel 
found a laige piece of resin, an indigestible substance contained in an 
alcoholic solution which the man used m his trade, and which he from 
time to time had taken as a beverage Microscopically, only slight 
changes consisting of some increase m the interstitial tissue were noted 
This obserAation agrees well with the changes noted m the present 
study where only glandular atrophy and corresponding interstitial tissue 
changes occurred, these not uniformly present and not necessarily the 
effect of a chionic alcoholism 

The presence of petechial hemorrhages in the stomach lining of 
persons dying m delirium tremens affords additional evidence that there 
IS some acute toxic process in this disorder other than the simple 
alcohol poisoning In a previous communication^® this idea was 
expressed, and while at present the exact nature of this toxic condition 
remains unknown, it is hoped that further studies will ultimately reveal 
the basic factois acting in acute alcoholic delirium 

SUMMARY 

1 Petechial hemorrhages in the gastric mucosa are among the most 
common lesions present in the bodies of persons dying in delirium 
tremens 

13 Hirscli, Edwin F A Morphologic and Chemical Study of the Double 
Refractive Fats of the Adrenals in Delirium Tremens, Jour Am Med Assn, 
1914, 1x111, 2186 
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2 Theie is no evidence of any acute inflammation about these 
hemorrhages, tlius leaving no anatomic basis for considering this con- 
dition in the stomach an acute alcoholic gastritis 

3 These hemorrhages piobably aie anatomic manifestations of an 
acute toxemia 

4 Chronic alcoholism alone is of doubtful etiologic importance in 
causing chronic gastritis 

My sincere thanks are liere expressed to Drs E R Lc Count, H G Wells, 
and C Sceleth for their kind assistance 
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Chart 1 — Circulatory reactions in a normal man to increasing amounts of 
work performed on the bicycle ergometer The upper continuous lines represent 
the systolic blood pressure, the lower dotted lines the pulse rate and the spaces 
between the heavy perpendicular lines the periods of work m each experiment 



Chart 2 — See Chart 1 
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was panting and perspiration was running from his face Immediately 
after the work stopped the systolic pressure was 168, and one minute 
later had risen to 178 at which time the pulse had dropped from 172 to 
148 This delayed rise of the systolic blood pressure after heavy work 
IS of much significance and we direct particular attention to it 

Experiments were carried out on two other people with normal 
hearts with the same results as above, an increase m pulse rate and 
blood pressure during work and a delayed rise of the systolic pressure 
following very heavy work 



Chart 3 — Circulatory reactions in a normal man to increasing amounts of 
work performed by means of dumb-bells The white perpendicular spaces rep- 
resent the work periods in each experiment during which blood pressure and 
pulse rate could not be measured 

EXPERIMENTS ON NORMAL PEOPLE WITH DUMB-BELL AND BAR WORK 

Various movements with heavy dumb-bells and a steel bar weighing 
25 pounds, which will be described later, were carried out in a way 
which permitted an approximate estimation of the foot-pounds of work 
performed Naturally the pulse rate and blood pressure could not be 
taken during the work, but they were taken before and every minute 
or half minute after work 

Chart 3 represents the type of reaction we obtained in several 
hundred experiments on twenty normal persons The delayed rise in 
systolic blood pressure was obtained after large amounts of work which 
varied according to the subject’s physique and condition of muscular 
training 
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EXPERIMENTS ON PATIENTS WITH CARDIAC INSUFFICIENCY USING 

THE ERGOMETER 

Ten expenmeiits were carried out on two patients wdio rode the 
bicycle ergometer for periods of two and one-half minutes wnth 
successively increasing loads Seven experiments were made with the 
same patients turning the bicycle pedals by hand instead of by the feet 
This was done to see if approximately the same amount of work w^ould 
be followed by a delayed rise in S3'stolic pressure, wiiether performed 
by the legs or the arms 



Chart 4 — Circulatory reactions m patient C G suffering from cardiac insuf- 
ficiency to increasing amounts of work performed with the legs on the bicycle 
ergometer 


Charts 4, 5, and 6 show a typical group of experiments on one of 
these patients, suffering from mitral regurgitation and cardiac insuffi- 
ciency The blood pressure could not of course be measured during the 
arm work It will be noticed that 732 kilogrammeters performed with 
the legs is followed by a marked delayed rise, and 729 kilogrammeters 
performed with the arms shows an equally marked delay 

The subjects of these experiments both had badly damaged hearts, 
and histones of two or more attacks of cardiac insufficiency extending 
over several years 

These experiments present several striking features and some 
marked contrasts to the experiments on normal persons The amounts 
of work necessary to produce the delayed rise in systolic blood pressure 
were far less than in the normal subjects Again the pressure d^iung 
work, instead of rising decidedly as in normal subjects, rose but slightly 
or fell below the pre-exercise level 
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Chart 5 — A continuation of the experiments pictured m Chart 4 on the same 
patient a few minutes later, the work being performed on the bicycle ergoraeter 
with the arms instead of the legs The white perpendicular spaces represent 
the work periods in each experiment during which blood pressure and pulse rate 
could not be measured 



Chart 6 — See legend of Chart 5 
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EXPERIMENTS ON PATIENTS WITH CARDIAC INSUEI'ICIENCY USING 

DUMB-BELL WORK 

Several hundred experiments Mere carried out on thirty different 
patients The pulse rate and blood pressure could not be taken during 
the performance of the dumb-bell Mork, but \vere measured every thirty 
01 sixty seconds aftei vork 

The folloiving examples are selected because they represent the 
different types of reactions folloMung w ork 

R S , a delicate girl aged 23, vitli a history of chorea and tonsillitis followed 
by endocarditis This resulted in a mitral stenosis and regurgitation and, five 
months presious to the test below described, cardiac decompensation from 
which she slowly rcco\crcd under rest and digitalis 


Time Pulse Rate Ssstohc Blood Pressure 

10 05 92 ' 108 

10 08 96 104 

200 foot-pounds in 30 seconds 

(5 lb bell pushed 20 times) 

10 10 114 122 

10 lO'/j 108 120 

10 11V_. 92 106 

10 16 90 106 

400 foot-pounds m 30 seconds 

(10 lb bell pushed 20 times) 

10 18 120 110 

10 18'/.. 108 110 , 

10 19'/. 98 106 

10 30 96 no 

s 480 foot-pounds in 32 seconds 
(10 lb bell pushed 24 times) 

10 31 120 114 

10 32 102 Dela>ed rise 122 

10 33 90 110 

10 34 90 no 


C G , a man aged 31, with a history of four attacks of rheumatic fever, and 
symptoms of cardiac involvement for four jears June 8, 1915, he was recover- 
ing from a six months’ attack of acute articular rheumatism His heart was 
much enlarged and showed a mitral regurgitation and regular rhythm He 
was dyspneic, his legs were edematous, and the edge of the liver could be felt 
S inches below the free border of the ribs in the nipple line He was put to 
bed and given digitalis June 21, the following test was made 

Time Pulse Rate Systolic Blood Pressure 


10 55 

100 

136 

10 58 

88 

130 

11 00 

100 

250 foot-pounds in 20 seconds 
(10 lb bell flexed 10 times) 

126 

11 02 

108 

138 

03 

108 

136 

04 

96 

132 

05 

92 

126 

06 

90 

128 

11 22 

96 

128 
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500 foot-pounds in 35 seconds 
(10 Jb bell Hexed 20 times) 


11 23^2 

106 

140 

11 24 

102 

130 

11 25 

96 

136 

11 26 

92 

130 

11 28 

100 

128 

11 34^2 

96 

122 


750 foot-pounds in 45 seconds 



(10 lb bell flexed 30 times) 


11 37 

114 

146 

11 38 

102 

136 

11 39 

102 

136 

11 42 

96 

136 

11 44 

100 

122 


1,000 foot-pounds in 40 seconds 



(15 lb bell flexed 27 times) 


11 47 

126 

(136 

11 48 

114 Delayed rise 

■j 142 

ll 49 

lOS 

1138 

11 50 

108 

134 

11 51 

96 

138 

11 52 

96 

124 


These show the ordinary types of reaction to increasing work 
The same patient several months later showed a type of reaction occa- 
sionally encountered 

Time Pulse Rate Systolic Blood Pressure 


10 05 

92 

124 


462 foot-pounds in 35 seconds 



(IS lb bell flexed IS times) 


10 07 

102 

140 

10 071/2 


134 

10 08 

100 

134 

10 15 

92 

126 


750 foot-pounds in 35 seconds 



(20 lb bell flexed IS times) 


10 17 

108 

140 

10 171/2 


136 

10 18 

84 

126 

10 20 

88 

132 


1,000 foot-pounds in 45 seconds 



(20 lb bell flexed 20 times 


10 22 

108 

134 

10 221/2 

96 

130 

10 23 


128 

10 231/2 

90 

128 

10 29 

92 

122 


1.250 foot-pounds in 60 seconds 



(20 lb bell flexed 25 times) 


10 31 

108 

ri26 

10 311/2 

102 Delayed rise? 

( 128 

10 32 

90 

1 126 
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1,500 foot-pounds in 60 seconds 



(20 lb bell flexed 30 times) 


10 43 

114 

ri24 

10 431/2 

Delayed 

126 

10 44 

92 rise 

124 

10 441/2 

90 

128 

10 45 

84 

120 

10 46 

84 

124 

10 47 

84 

122 


The blood pressure reactions to work became less and less marked as the 
W'ork increased, although the pulse became more and more rapid Finally in 
the fourth experiment w'e got apparentlj a slight delayed rise m systolic pres- 
sure, and, when the w'ork w'as still more increased (fifth experiment) the pres- 
sure immediately after work was lower than it was before, although the pulse- 
rate had risen to 114 

One more example of the last type may be gi\cn 

D C, aged 23, suffering fiom disease of all the valves except the pulmonary, 
and cardiac insufficiency, died Jan 1, 1915 December 9 he showed the following 

Time Pulse Rate Systolic Blood Pressure 


12 25 

84 


100 


150 foot-pounds in 20 

seconds 


12 26 

108 


102 

27 

96 


102 

28 

90 


102 

30 

80 


100 

12 40 

84 


98 


200 foot-pounds in 20 

seconds 


12 41 

104 

Delayed ^ 

f 100 

42 

96 

rise 

(108 

43 

88 


106 

48 

90 


102 

1 05 

84 


106 


350 foot-pounds in 25 

seconds 


1 06 

108 


1 98 

07 

102 

Delayed 

106 

08 

96 

rise 

1 110 

09 

90 


TlO 

13 

90 


100 

EXPERIMENTS DEMONSTRATING THAT 

THE AMOUNT OF WORK 


necessary to produce a delayed rise in systolic 


BLOOD pressure IS THE SAME WHATEVER GROUP 
OF MUSCLES IS EMPLOYED 

This IS the first time as far as we can ascertain that this law of 
circulatory' physiology has*' TDeen demonstrated Proof of the 
invariability of this phenomenon was afforded, as previously stated, by 
three experiments on two patients with cardiac insufficiency, using the 
ergometer, and also by many other clinical experiments A few of the 
latter will be given for this law plays an important part in establishing 
the validity of our test of the heart’s functional capacity 


( 
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The patient on \\hom the following experiments were performed was aged 
58 jears had a normal heart and suffered from occasional attachs of moderate 
In-pertension On eacli of the fi\e da>s preceding the experiments deseiibcd 
below this patient had been able to do between 1.500 and 1.800 foot-pounds of 
work before delated rises were produced 

Time Pulse Rate S\stolic Blood Prcssuie 

10 45 96 ’ 146 


1.500 foot-pounds (approximate) m 35 seconds 
(Work performed with right arm by swinging 20 lb bell S times') 


10 47 

108 

164 

48 

100 

160 

49 

96 

152 

50 

92 

148 

1,800 foot-pounds 

(approximate) m 40 seconds 

(Work performed with right arm by swinging 20 lb 

bell 10 times) 

11 17 

114 1 

ris4 

18 

96 Dela^ed rise ^ 

158 

19 

90 

[ 156 

20 

90 

154 

24 

84 

140 

1,800 foot-pounds (approximate) in 40 seconds 

(Work performed w’lth left 

aim by swinging 20 lb bell 10 times) 

11 26 

120 1 

r 156 

27 

96 Dcla^cd use ^ 

170 

28 

96 ■ ! 

[ 156 

29 

90 

150 

30 

90 

148 

32 

84 

140 

11 40 

9 

140 

11 45 

92 

140 

1,800 foot-pounds 

(appioMinate) m 40 seconds 

(Work performed with both aims by swinging twm 10 lb bells 10 limes) 

11 47 

108 

ris4 

48 

96 Delayed 

164 

49 

90 use 

1.50 

50 

90 

1.50 

51 

84 

142 

52 

80 

1.38 

11 53 

84 

1.36 

It will be seen that it makes 

no diffei elite whethei one oi both ,nms aio 

used to do the work, as far as concerns the piocluetion of the deluved rise. 

E B, a patient aged 40 ycais sufieinig fiom milial 

1 legniKilalioii and 

stenosis and modeiatc cardiac insufllcicnty showed the following losults. 

Time 

Pulse Rate Systolic Blood I’lessme 

11 28 

96 

120 

400 foot-pounds (12 lb. bell extended 20 times) 

11 29 

120 

128 

Z9V4 

112 

120 

30 

108 

120 

30’/-. 

108 

116 

3P/; 

104 

116 

33 

100 

116 
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500 foot-pounds 

(12 lb 

bell extended 25 times) 

11 34 


124 

fl20 

34yo 


120 Delayed rise ■ 

126 

35 


116 

[122 

35^0 


104 

120 

36y.. 


108 

116 

50 


104 

114 

396 foot-pounds 

(12 lb 

bell flexed 18 times) 

11 51 


136 

138 

51 y. 


112 

130 

52 


104 

128 

52y. 


108 

122 

53 


100 

122 

58 


104 

116 

440 foot-pounds 

(12 lb 

bell flexed 20 times) 

11 59 


140 I 

'122 

59yo 


Delayed rise ■{ 

134 

12 00 


108 ( 

130 

ooys 


108 

'122 

01 


108 

122 

02 


104 

120 


Five hundred foot-pounds of extensor work and 440 foot-pounds of flexor 
work produced a delayed rise of blood pressure 

As a general rule to which the above experiment is an exception a 
patient with mitral disease is able to do more flexor \\ ork v ith the arms 
than extensor work, before a delayed rise is produced Extensor work 
apparently produces an obstacle to the pulmonary circulation because it 
tends to immobilize the thorax, wdnle flexor w'ork does not do so 
Graupner first called attention to this 

SUMMARY 

Our work may be summarized as follows 

Expenments on Thice Normal Persons zvith Ergometer — Dm mg 
increased amounts of w^ork there was a rise of the systolic blood 
pressure and an increase of the pulse rate wdneh became very marked 
with heavy work After heavy work the delayed rise in systolic blood 
pressure w^as noted 

Expel nnents on Normal People with Dnmb-Bell Woik — Several 
hundred experiments on tw^enty normal people shoived the delayed rise 
in systolic pressure oftei heavy work 

Experiments on Tzvo Patients zvith Caidiac Insufficiency Using the 
El gometer — ^Ten experiments showed a marked contrast in the course 
of the blood pressure during work as compared wuth that in normal 
persons In these patients the pressure rose but slightly and as the 
work increased frequently dropped below the original level The 
pulse rate was alw^ays quickened The delayed rise in systolic blood 
pressure occurred after much smaller amounts of work than in normal 
persons Approximately the same amounts of work were followed by 
a delayed rise whether performed by the arms or legs 
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Experiments on Patients zvith Cardiac Insufficiency Using Dumb- 
Bell Work — Several hundred experiments were carried out on thirty 
patients The delayed rise in systolic blood pressure was noted in all 
these patients after comparatively small amounts of work In patients 
with marked cardiac insufficiency the pressure immediately after work 
was occasionally lower than the original level 

THE CIRCULATORY PHYSIOLOGY OF EXERCISE 

Certain facts about the circulatory physiology of exercise seem to be 
fairly well established, and we shall summarize them briefly ^ The 
carbon dioxid content of the blood is increased by muscular work and 
this stimulates the nervous centers controlling the suprarenal glands 
An increase in the adrenin content of the blood is thereby produced, 
which causes a constriction of vessels m the splanchnic area and 
a resulting rise in blood pressure The quickened heart rate 
accompanying muscular work causes an increase in the quantity of 
blood discharged by the heart per minute and this also contributes to 
the rise m blood pressure Shortly after exercise stops, the carbon 
dioxid content of the blood falls below normal, the activity of the 
supienal glands decreases and the splanchnic vessels relax 

Nicolai and Zuntz® have made some important observations on the 
hearts of a series of normal persons during work on a stationary 
ergometer by means of the Roentgen ray If their experiments are 
confirmed they will have a very direct bearing on the explanation of the 
delayed rise in systolic blood pressure and its relation to the testing 
of the heart’s functional capacity They showed that during moder- 
ately heavy work the heart increases slightly in size and a few seconds 
after work suddenly becomes smaller than normal The increase 
during work they attribute to the greater quantity of blood pumped 
into the heart by the muscular and respiratory activity incident to work 
They also offered proof that the heart completely empties itself at each 
systole of this much increased content, whereas the heart of a resting 
person expels only about one-half of its contents at each systole The 
increase in size during work is not to be regarded as a sign of insuffi- 
ciency because the heart expels its entire content at each systole Only 
if a greater quantity of blood than normal remains m the heart after 
systole does an insufficiency exist The rapid diminution in size of the 
heart immediately after work is attributed to the sudden decrease in the 
quantity of blood pumped into the heart resulting from the stopping of 
muscular activity 

2 Cannon Am Jour Physiol , 1914, xxxni. 3S6 Von Anrep Eng Jour 
Phjsiol , 1913, xlv, 318 Hooker Am Jour Physiol , 1911, xxvin, 235 Schneider 
and Havens Am Jour Physiol , 1915, xxxvi, 239 

3 Nicolai and Zuntz Berl klin Wchnschr, May 4, 1914, p 821 
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Our own experiments and the facts of circulatory physiology 
already adduced together with the observations just quoted, give us 
some insight as to the cause of the delayed rise in systolic blood 
pressure following work It may be stated as follows 

In normal people during heavy work the systolic pressure mounts 
rapidly and the left ventricle finds it more and more difficult to expel 
its contents against this increasing resistance At a certain height of 
aortic pressure the ventricle probably does not empty itself completely 
and a steadily increasing volume of blood remains in the heart after 
each systole In other words, an insufficiency exists At this 
moment the Roentgen ray would possibly show a heart decidedly in- 
creased in size instead of slightly increased, as found by Nicolai and 
Zuntz during moderate work If the work stops the vessels of the 
splanchnic area begin to relax and the blood pressure falls Now the 
heart works more efficiently against the lowered aortic pressure and 
expels a larger quantity of the increased residual blood at each stroke, 
until finally it empties itself completely with each systole The in- 
creased quantity of blood which the recovering heart thus throws into 
the aorta more than compensates for the pressure-lowering effect of 
the dilating splanchnic vessels and the pressure rises briefly, thereby 
producing the delayed rise in blood pressure 

The different course of the curve of the blood pressure during the 
work period in patients with cardiac insufficiently implies a difference 
111 circulatory mechanics in these patients as compared with normal 
persons This curve showed a slight rise and often a fall with 
increasing work The curve afto work was the same as in normal 
individuals, except that much smaller amounts of work produced the 
delayed rise 

The splanchnic vessels in these persons presumably contract during 
work in the same way as in a normal person The failure of the blood 
pressure to rise decidedly during work shows that the heart must 
propel, if anything, less blood per minute into the aorta than when at 
rest, even though the rate is much increased , otherwise with a 
narrowed stream-bed and the same volume discharged per minute the 
pressure would rise 

Nicolai and Zuntz claim that during work much greater quantities 
of blood flow into the heart and are ejected at each systole In our 
experiments the heart could not have expelled these increased quanti- 
ties of blood or, as we have already said, the pressure would have 
risen Therefore, the blood must have accumulated in the heart and 
produced a dilatation or insufficiency The narrowing of the stream- 
bed caused by the splanchnic constriction incident to work must also 
play a part in producing this insufficiency 
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When the work stops, the stream-bed resumes its normal propor- 
tion, possibly more slowly than m a healthy person, the heart acts 
more efficiently, and expels the increased residual blood, which is 
sufficient to produce a rise in blood pressure If the heart is much 
dilated it probably requires a short time to reach its maximum efficiency 
and expel its increased content and we have a slowly mounting blood 
pressure In other words, our “delayed rise in systolic pressure ” 
Therefore, if we accept this tentative explanation of the circulatory 
physiology of exercise, a delayed rise m systolic pressure after work 
in a normal person or in one with cardiac insufficiency would mean 
that the preceding work had either made the heart temporarily insuffi- 
cient or had increased an already existing insufficiency 

Our clinical experiments demonstrate conclusively, we believe, that 
in the pulse rate and blood pressure reactions to graduated work we 
possess a valid test of the heart’s functional capacity If the systolic 
blood pressure reaches its greatest height not immediately after work 
but from 30 to 120 seconds later, or if the pressure immediately after 
work IS lower than the original level, that work, whatever its amount, 
has overtaxed the heart’s functional capacity, and may be taken as an 
accurate measuie of the heart’s efficiency^ 

Graupner^ in 1906 carried out a large number of experiments on 
normal people and persons suffering from cardiac insufficiency, using 
a Zuntz ergometer and employing the method of frequent blood pres- 
sure readings before, during and after work He reached the 
following conclusions 

“1 Moderate work in powerful persons causes no change in the 
systolic blood pressure after work 

“2 An increase in work causes a rise in the systolic blood pressure 
immediately after work and this returns quickly to normal Repeti- 
tion of the work causes the blood pressure to rise less high and to 
return more quickly to normal 

“3 If the work is still more increased we find directly after work 
a sinking of the blood pressure Yet the blood pressure then rises 
quickly above normal and then falls back to normal This primary 
fall of the blood pressure and secondary rise above normal is charac- 
teristic of ‘functional insufficiency’ of the heart 

“4 If the blood pressure after work is lower than normal and then 
slowly returns to normal, but does not rise above noimal, a primary 

4 The determination of delayed rises in patients suffering from auricular 
■fibrillation is difficult and inexact We have taken the first well-marked beat 
heard at each reading as a guide Here the increase in heart-rate is an 
important aid in deciding if the preceding work has overtaxed the heart 

5 Ztschr f exper Path u Therap, 1906, iii, 113, Deutsch med Wchnschr, 
1906, No 26 
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myocardial eakness exists This reaction is characteristic of 
pathological insufficiency ” 

By the term “normal picssure” Graupner presumably meant the 
pressure A\hen it had reached a constant le\el just previous to the work 
Apparently he did not take the pressure before each experiment The 
amounts of work performed in his experiments were about the same as 
in ours His blood piessure readings were all made by palpation and 
he geneially made three or four in the course of thirty or forty 
seconds without letting the air out of the cuiT 

We were able to corroborate his first conclusion and the first half 
of his second conclusion His fourth conclusion we found true in a 
Aery small number of patients with cardiac insufficiency His remain- 
ing conclusions, which constitute the essential features of his test, we 
Avere unable to confiim 

Graupner’s failure to measure the pressure before each experiment 
explains to a certain extent the dn^ergence of our results, for the 
pressure may be as much as 20 inm of mercur} loAAcr before the last 
experiment than before the first Also the error inherent in the 
palpatory method of taking blood pressure especially if the arm be 
compressed for 30 seconds is considerable and may explain some of 
our differences 

METHOD or PERrORMIXG OUR TEST OF THE HEARTHS 
rUNCTIONAL CAPACITY 

The apparatus used consists of pairs of 5, 10, 15 and 20 pound 
dumb-bells, and a steel bar about 40 inches long Aveighmg 25 pounds 
Tavo types of movements are done Avith the bells “ In the first a pair 
of dumb-bells is held at the shoulders, one in each hand, and then 
pushed alternately above the head and toAvard the median line until 
the arms are fully extended As one bell moves up fairly rapidly the 
other bell returns to the shoulder, the tAvo moving m a sort of see-saAV 
rhythm In the other movement a bell is held in each hand, the arms 
hanging by the side of and close to the body, and then each forearm is 
alternately flexed, raising the bell to the shoulder The patient stands 
or sits according to his condition But one movement is performed 
Avitli the steel bar It is picked up from the floor Avith both hands, 
raised first to a leVel with the shoulders, then pushed above the head 
until the arms are fully extended and then quickly loAvered to the 
floor again AVith a single rapid motion 
, It is possible to calculate approximately the number of foot-pounds 
of AAmrk performed m each of these movements There is a certain 
amount of work, hoAvever, Avhich we cannot estimate in foot-pounds 

6 These movements were first described by Dr Jacob Teschner of 
New York 
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When a patient stands with a pair of dumb-bells at his shoulders 
without moving them, work is done as shown by his circulatory reac- 
tions, but we cannot estimate it in foot-pounds This unknown factor ' 
can be ignored, however, for our purpose 

More adults average 2 feet as the distance through which a bell is 
pushed from the shoulder to full extension of the arm In the flexion 
movement, the distance through which the bell is carried from the side 
of the body to the shoulder averages from 2 feet to 2 feet 6 inches 
Now if a 5-pound bell is pushed through 2 feet, 10 foot-pounds of 
work are done If the total number of pushes are twenty, 200 foot 
pounds are done For the sake of comparison, the time it takes a 
patient to do any quantity of work should be noted 

If the patient whose heart is to be tested has but recently recovered 
from an attack of cardiac insufficiency, it is well to start with a pair of 
5-pound bells, the patient sitting on a stool Two hundred foot-pounds 
of work are then given either by flexing or extending the bells 
The pulse rate and blood pressure, are taken every thirty seconds 
according to the examples given on a preceding page After the 
pressure and pulse have returned to the original, 300 or 400 foot- 
pounds are done in the same way The work is increased with each 
experiment until we reach a delayed rise m blood pressure The experi- 
ment which has caused a delayed rise should always he repeated after 
a few minutes' rest, zuith a slightly increased amount of work, for the 
purpose of confii motion When once the amount of work which will 
produce a distinct delayed rise in blood pressure is ascertained, it 
IS quite remarkable how little the results vary on a repetition of the 
experiment with the same or increased work Yet if our test is valid 
this should be so 

The following examples illustrate this point 

This patient was 64 years old and suffered from aortic regurgitation and 
cardiac insufficiency 


Time 

Pulse Rate 

Systolic Blood Pressure 

3 45 


80 

132 

160 foot-pounds 

(10 lb 

bell extended 8 times) 

3 46 


88 

138 

A6Vz 


80 

134 

47 


80 

134 

47^2 


80 

132 

48 


80 

134 

49 


80 

134 

3 55 


80 

130 

200 foot-pounds 

(10 lb 

bell extended 10 times) 

3 56 


88 

(142 

56y2 


84 Delayed rise i 146 

57 


80 

[142 

S7Vz 


76 

122 

58 


76 

136 

59 


80 

132 

4 03 


80 

130 
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240 foot-pounds (10 lb 

bell extended 12 times) 

4 04 

88 


ri36 

04% 

84 


142 

05 

84 

Delaved 

138 

OSVe 

80 

rise 

144 

06 

80 


144 

06y2 

76 


138 

07 

80 


144 

08 

76 


134 

09 

76 


128 

4 13 

76 


130 


As a general rule a patient’s cardiac capacity will vary but slightly 
from day to day If he improves in general condition his cardiac 
capacity increases, and if he retrogrades it decreases Lack of sleep 
or transient infections have very prompt and decided effects on the 
cardiac capacity, particularly in persons wdio already have damaged 
hearts 

The following examples illustrate this point 

July 7 a patient with a mitral lesion and cardiac insunicienc) sliow'cd the fol- 
lownng reaction (he had been able to do belw’cen 600 and 900 foot-pounds each 
day but not more, during the three weeks previous to this date) 


Time 

Pulse Rate Systolic Blood Pressure 

11 IS 

92 

120 


750 foot-pounds m 40 seconds 
(15 lb bell, extended 25 times) 


11 16 

116 

128 

17 

104 

130 

18 

96 

128 

19 

96 

124 

20 

96 

124 

22 

100 

124 

23 

92 

120 


900 foot-pounds in 40 seconds 



(15 lb bell flexed 25 times) 


11 26 

116 

138 , 

27 

108 

130 

28 

96 

126 

29 

96 

116 

30 

96 

122 

« > t 


On the afternoon of July 7 the patient became very angry, so much so that 
he “trembled for three hours afterward ” That night he slept but a few hours 
On July 8 he showed these reactions 

Time Pulse Rate Systolic Blood Pressure 


11 37 

92 

124 


375 foot-pounds m 20 seconds 



(IS lb bell flexed 10 times) 


11 38 

104 

136 

39 

96 

136 

40 

92 

132 

41 

90 

126 

42 

98 

130 

43 

96 

128 

44 

92 

126 

45 

92 

122 

46 

96 

120 
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11 47 

560 foot-pounds in 25 seconds 
(15 lb bell flexed 15 times) 

108 

ri20 

48 

104 

134 

49 

104 Delayed rise h 

134 

50 

104 

134 

51 

100 

130 

52 

96 

124 

12 01 

96 

120 

12 03 

725 foot-pounds in 30 seconds 
(15 lb bell flexed 20 times) 

108 

H26 

04 

104 Delayed 

130 

05 

96 rise 

130 

06 

100 

132 

07 

104 

H30 

08 

96 

128 

09 

92 

124 

10 

96 

120 


July 9 he was again able to do 750 foot-pounds and July 30 he did 1,400 
foot-pounds in sixty seconds 

Another patient suffering from renal tuberculosis and a stricture, but with 
a normal heart, had lost much weight and sleep, being obliged to pass urine 
every hour 

May 11, 600 foot-pounds of work caused a delayed rise in blood pressure 
His stricture was then relieved, he began to sleep normally, his appetite returned 
and he was able to take daily walks May 21, 1,500 foot-pounds of work were 
performed before a delayed reaction ensued 

Rarely we find that our results are not unvarying We have 
records of one man with a presumably normal heart who showed a 
very distinct delayed rise with 640 foot-pounds of work performed in 
twenty-two seconds, and thirty minutes later did not show a delayed 
rise until about 1,300 foot-pounds of work in twenty-five seconds had 
been done 

The Testing of Patients Whose Cardiac Capacity Exceeds an 
Ability to Perform i,ooo Foot-Pounds of Work in 6o-go Seconds — 
People with normal hearts, or patients with well compensated heart 
lesions, afford a more difficult problem in mechanics when their hearts 
are functionally tested These people are able to flex or extend heavy 
dumb-bells until their arm muscles are exhausted and yet the heart 
muscle will show no exhaustion That is, no delayed rise in the 
systolic blood pressure is obtained Here it is necessary to use more 
powerful muscles, capable of doing much greater amounts of work, in 
order to tire the heart We use in these people the 25-pound steel 
bar which is lifted from the floor to the shoulder and above the head 
until the arms are fully extended Then it is lowered quickly to the 
floor and raised again above the head An adult will raise the bar 
between 6 and 7 feet, performing thus between 150 and 175 foot- 
pounds with each raising In addition to the work arising from the 
bar movement, the raising of the trunk of the body each time from a 
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Stooping to an erect position is equivalent to a certain number of foot 
pounds The exact number is very difficult to estimate, but from some 
comparative experiments we are now carrying out it apparently lies 
between 40 and 50 per cent of the body weight That is, a man who 
weighs 150 pounds does betu een 60 and 75 foot-pounds of work each 
time that he raises his body from a stooping to an erect position 

The testing of these hearts is necessarily at the present time a com- 
parative matter, and we are unable to obtain absolute values, unless 
we have a bicycle ergometer at our disposal 

One example of these normal cases will be gi\en 

Male, adult, aged 41, vcigliing 160 pounds, with a normal heart 

Time Pulse Rate Sj'stohc Blood Pressure 

8 36 68 112 


800 foot-pounds (20 lb bell pushed 20 times) 


8 35y2 

84 

120 

36 

72 

122 

37 

66 

120 

38 

66 

116 

39 

66 

118 

43 

66 

no 


1,000 foot-pounds (20 lb bell pushed 25 times) 


8 45 84 124 

451/2 72 120 

46 72 112 

47 72 110 

55 66 112 

2 400 foot-pounds (approximate) 

(25 lb bar lifted 7 feet 10 times) 

8 S6y2 108 f 134 

57 84 Delayed? 1136 

57 V 2 66 116 

58 66 114 

59 66 112 


9 


3,360 foot-pounds (approximate) 
(25 lb bar lifted 14 times) 


01 

OIV2 

02 

03 

04 


114 

84 Delayed ? 

72 

76 

66 


136 

138 

130 

126 

114 


9 


4,800 foot-pounds (approximate) 
(25 lb bar lifted 20 times) 


08 

08y2 

09 

10 


120 

90 Marked delay 

78 

72 


136 

146 

136 

130 


SUMMARY 

A large number of experiments have been earned out on norrMi 
persons and those suffering from cardiac insufficiency to determine t e 
effect of graduated work on the pulse rate and systolic blood pressure 
The work was performed by means of a Krogh bicycle ergometer in 
a few persons and by dumb-bell exercises in the majority of subjects 
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It has been demonstrated that a certain foim of the curve of 
systolic blood pressure determined after the completion of work is 
characteristic of an overtaxing of the heart’s functional capacity 

A tentative explanation has been given of the circulatoiy 
physiology of exercise (work) 

A practical test for estimating the heart’s functional capacity has 
been described 

It IS a pleasant duty to express our thanks to Dr Horatio B Williams of the 
Department of Physiology of Columbia University for his assistance in super- 
vising the experiments conducted with the bicycle ergometer, and for many 
valuable suggestions made during the course of the work outlined above Also 
we are indebted to Mr R McIntosh for much help in the experiments with 
the ergometer 

34 West Eighty-Fourth Street 



SOME ATTEMPTS TO PRODUCE EXOPHTPIALMOS 

EXPERIMENTALLY ‘ 

ABRAHAM TROELL, M.D 

STOCKIIOLXf, S\\ I Dr N 

In a papeP published in 1914 I endeavored, on the basis of a 
number of clinical and experimental observations, to make a contri- 
bution to our knowledge of the pathogenesis of the eye symptoms in 
exophthalmic goiter I dwelt in that connection particularly on Land- 
strom’s explanation of their origin, and, making reference to our 
present anatomic and clinical information, expressed my doubts as 
to the possibility of maintaining Landstrom’s theory The chief 
points on which I based my remarks were the following 

1 The “Landstrom muscle,” or rather the musculus capsiilopalpebrahs 
(Hesser"), is so iieak and so asj mtnetncalh placed as to be hardlv capable of 
producing alone the pronounced ej'e S3'mptoms which arc not infrequently 
observed in exophthalmic goiter Above all, it is difficult to understand how 
a contraction of that muscle should produce a pronounced shifting forward of 
its posterior origin (of the region about the equator of the eyeball), ana thus 
of the entire eyeball, and not a shifting back of its anterior origin (septum 
orbitale in the ej^elid), since the former is a point considerably more fixed than 
the latter Sattler’ and Hesser ha^c gi\en grounds m their anatomic investiga- 
tions for these view's and have cmphasired their importance 

2 Even wflien w'c assume that the smooth muscle m the orbit can shift the 
bulb in a forward direction, we encounter great difficulties m trying thus to 
interpret the genesis of the eje symptoms in exophthalmic goiter For, assum- 
ing that the contracted condition of the muscle that w'ould produce them is 
directlj' the result of a stimulation of the supplying nerve — the sympathetic — 
we must not overlook among other things two of the peculiarities of the 
exophthalmic goiter syndrome In the first place, the eye symptoms, as I have 
found, in 10 per cent of the cases, are rather frequently on one side only , m 
the second place, the pupillary signs arc not a part of the regular exophthalmic 
goiter symptoms and may, even in extreme exophthalmos of that disease, not 
be observed at all The one-sided nature of the ej'e sj'mptoms is extremely 
hard to understand, if w'e accept Moebius’ theory that the nature of exophthalmic 
goiter IS chiefly that of an intoxication of the sympathetic nervous system, by 
poisonous decomposition products disseminated by the general circulation from 
the thyroid gland And the absence of pupillarj' symptoms is in equally great 
measure incomprehensible if we accept the opposite view of the origin of the 
sympathetic stimulation, that it is a more direct, mechanical effect of a tliyroi 
enlarged on one or both sides of the nerve For we must then inquire w y 


” Submitted for publication Sept 16, 1915 

* From the Department of Pathology, Columbia Univ'ersity, Co lege o 

Physicians and Surgeons, New York City „ 

1 Troell, Abraham Mitt a d Grenzgeb d Med u Chir, 1914, xxvn, 4It5 

2 Hesser Anatomische Hefte, 1913 

3 Sattler, in Graefe-Saemisch Handbuch der gesamten Augenheilkunue 
1911, Ber u d 37 Versamml d Ophth Gesellsch , Heidelberg, 191 , 
baden, 1912, p 181 
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an effect of such limited compass should exercise no stimulation on those fibers 
m the cervical sympathetic that run to the smooth muscle of the eyeball 
(musculus dilatator pupillae), but should affect only those that go to the smooth 
muscle of the orbit (musculus capsulopalpebrahs), since it is well known that 
an electric stimulation of the cervical sympathetic always produces in man, as 
well as in related animals, chiefly a dilatation of the pupil, with a widening of 
the lid-cleft and possibly a bulging out of the eyeball, while conversely, the cut- 
ting of the sympathetic cord will produce corresponding paralytic symptoms 
in both these muscular tracts (contraction of the pupil, narrowing of the hd- 
cleft, etc ) 

Logical as the foregoing reasoning may be, it suffers from the imperfections 
of our present anatomic and clinical knowledge Perhaps the future may dis- 
close data that will show this chain of evidence to be not equivalent to a full 
proof Possibly the eye symptoms in exophthalmic goiter are produced by toxic 
influences similar to those we have reason to believe are present in the “system 
diseases” of the central nervous system, or to those which enable a poison, like 
amyl nitrite, on being inhaled to affect the vagus fibeis that proceed to the 
heart, but not those that proceed to the digestive tract Hesser,'* m a recapitu- 
latory article of recent date, has emphasized the conditions produced by amyl 
nitrite He suggests the possibility that the exophthalmic goiter toxin may 
produce exophthalmos m man by influencing certain nerve elements running to 
the orbit, in a manner resembling that of amyl nitrite which preferably affects 
the cardiac vagus fibers “ But we must point out that neither this analogy nor 
the analogy with the behavior in nervous “system diseases” for the present is 
of great value in determining to what extent the absence of pupillary symptoms 
in exophthalmic goiter militates against Landstrom’s theory of eye symptoms 
For, applied to the phenomena in exophthalmic goiter, such an analogy would 
imply the possibility that the toxins of the thyroid gland, disseminated by the 
circulation, should be able for a protracted period, to influence only on one side, 
some of the sympathetic fibers, or of the sympathetic ganglion cells (those 
belonging to one musculus capsulopalpebrahs) Such a hypothesis, in view of 
our present state of medical knowledge, constitutes a quite peculiar and unsatis- 
factory complication of the problem 

If one accepts my reasoning as to the significance of the regular 
occurrence of pupillary symptoms on electric stimulation of the sympa- 
thetic, but their absence in typical exophthalmic goiter, one is con- 
fronted with a new question May not valuable data on the genesis 
of exophthalmos be obtained from attempts to produce exophthalmos 
experimentally, without the mediation of the cervical sympathetic^ 

It would seem possible to make an attempt to produce exophthalmos 
by the use of toxic materials, in some cases without any preparatory 
measures, in others, after having removed the superior cervical 
sympathetic ganglion on one side If in the latter case, it should be 
found that exophthalmos failed to appear on the side on which the 
interruption had been made in the sympathetic, this would be proof 

4 Hesser Hygiea, 1914, Ixxvi, 561 

5 Unfortunately he gives no citation of authorities, a circumstance all the 
more to be deplored since it is characteristic of his entire paper, which other- 
wise IS illuminating I have, therefore, not been able to determine whether in 
the investigations under consideration any reliable observation of the fact could 
be made, that the vagus fibers of the digestive tract remained unaffected 
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that the cooperation of the s) mpathetic is necessary for the production 
cf such exophthalmos, such an outcome of the experiment would 
thus lend a certain suppoit to Landstrom's theory But the opposite 
would be the case if it should be as easy to produce exophthalmos 
1.1 an individual whose sympathetic ganglion had been removed so 
long ago that the nei ve fibers situated distally to it — the postganglionic 
fibers — should have degenerated 

The chief difiicult} about the procedure mentioned above is the 
well-known great difficult} in producing exophthalmic goiter and 
exophthalmic goiter exophthalmos experimentally Souppalt probably 
was the first (1897) to undcitake experiments m this direction 
He has had many successors, but a study of the literature on 
the subject gives one the decided impression that the experi- 
ments thus far made on animals haA'e only in exceptional cases 
given rise to an unmistakable protrusio bulbi, no matter what pro- 
cedure has been followed The results have been very uncertain, 
both 111 cases in which injection of thyroid juice has been resorted to, 
and in cases of transfer of noimal thyroids, goiters, exophthalmic 
goiters, thymus, etc ® 

I have, therefore, believed that I should be more likely to obtain 
results if I should try first and foremost other toxins than those of 
the th} roid gland and the like in producing exophthalmos One such, 
beta-tetrahydronaphthylamin, fii st used by Stern," has long been known 
as having a direct affinity with the sympathetic nervous system, and 
as giving, on subcutaneous injection into animals, symptoms of stimu- 
lation from the muscles innervated by the sympathetic nervous system 
In cats it produces, among other things, dilatation of the pupil and 
jjrotrusion of the bulb (Elliot®) It would, therefore, be particularly 
applicable in the investigations I have in mind But the drug has 
the disadvantage of being very difficult to obtain commercially at 
this time This is not true to so high a degree of another chemical 
substance, paraphenylenediamin (which Hesser mentions casually in 
his latest paper) Just how we are to regard the effect of para- 
phenylenediamin is not known Probably it does not work directly 
tfirough the nervous system Other drugs having a sympathicotonic 
effect are known, as epinephnn and cocam Yet their availability for 

6 An historical resume of these e'^perimental investigations is found in 

Klose (Ergebn d inn Med u Kinderheilk v Kraus u a, 1913, x, 167) Of 
later investigators who claim to have succeeded in producing exophthalmos in 
animals, there may be mentioned Baruch (Centralbl f Chir , 1911, xxxviii, 11 , 

ibid, 1912, xxxix, 316) and Bircher (Centralbl f Chir, 1912, xxxix, 138) bee 
also Biedl (Innere Sekretion, 1913, i, 212) and ICempner (Centralbl f d 
Grenzgeb d Med u Chir , 1914, xviii, 347) 

7 Stern Virchows Arch f Path Anat, 1889, cxv, 14 

8 Elliot Jour Physiol , 1912, xliv, 374 
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our present purpose may be considered negligible It is, in fact, 
interesting to note that the subconjunctival injection of two such 
extremely sympathicotonic substances, in spite of the situation near 
the surface of the capsulopalpebralis muscle, does not produce a 
bulging of the eyeball of even 1 millimeter, but may, on the other 
hand, bring about a striking widening both m the pupil and m the 
hd-cleft This tells, in its way, against the probability that exoph- 
thalmic goiter exophthalmos may be the effect of a stimulation of 
the sympathetic (Sattler^) 

Paraphenylenediamin on subcutaneous injection into the sacral 
region of dogs and monkeys, by Grunert,^® Birch-Hirschfeld“ and 
others, has been found to produce a symptom group including among 
other things increased epiphora and mucous secretion, chemosis, injec- 
tion of conjunctiva, increase in mtra-ocular pressure, and exophthal- 
mos, the anatomic cause of the latter is a drenching of the orbital 
tissue with serous fluid 

I repeated these expeiiments with paraphenylenediamin hydro- 
chlorid Merck (paradiaminobenzene hydrochlorid) on various kinds 
of animals, sometimes under entirely normal conditions, sometimes 
after removing the upper sympathetic neck ganglion An account 
of these experiments is given in the accompanying table and additions 

For considerations of space, I have limited myself, with regard to my experi- 
ments on dogs, to a short tabular synopsis, as, moreover, the symptoms 
observed by me after paraphenylenediamin injection coincide in the mam with 
those obtained previously by other investigators 

In addition to the upper sympathetic cervical ganglion, in each case m which 
that operation was performed, from 2 to 3 cm of cord under it was also 
removed 

The operative procedure for removing the ganglion is preferably the follow- 
ing An oblique transverse incision is made corresponding to the base of the 
skull, beginning right under the easily felt bulla ossea ossis temporalis, in front 
of the atlas and the muscles originating from that point The incision is con- 
tinued downward toward the median line Laterally behind the large vessels 
of the neck, the vagus is easily found In the dog, the sympathetic fibers run 
along the neck like a fine nerve laterally behind the vagus and in intimate 
contact with it, the two nerves being enclosed in one common sheath of connec- 
tive tissue , in the cat, the sympathetic is easily distinguished from the vagus with 
naked eye, in the rabbit the fibers often run in two separate bundles on either 
side of the neck The ganglion cervicalis superior is in dogs very difficult of 
access for operative purposes It lies far up toward the base of the skull, on 
the musculus longus capitis, medially behind the plexus nodosus nervi vagi 
Its size IS not inconsiderable, usually at least 3 or 4 millimeters m length. Its 
color is more decidedly bluish-gray than that of the vagus It is connected 


9 Sattler Munchen med Wchnschr, 1911, Ivm, 2307, Deutsch med 
Wchnschr, 1912, p 93 

10 Grunert Ber u d 31 Versamml d Ophth Gesellsch, Heidelberg, 1903, 

p 208 

11 Birch-Hirschfeld, m Gi aefe-Saemisch Handbuch der gesamten Augen- 
heilkunde, ix, Chapter xiii, 100 
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Postmortem Plndines 


Brown pigmentation of laerl 
mnl n subma-? glands 
Edema In these glands ana in 
the neck lymph glands Dog 
died following day during 
sympathetic operation 

Lacrimal glands much hrown 
pigmented 


Hardly any edema visible In 
the conjunctivne 


(Decalelfylng of the orbits, 
mlcroseoplc evamlnatlon oi 
orbits and orbit contents) 


Eye sjmptoms still visible, Imt 
less evident (Mcroseop c 
examination of the orb 
with contents after deealci 
lying ) 

Also the submaxillary region 
was swollen and edematous 
(Orbits decalcified and m 
Moscopically examined) 


No pigmentation of the sub 
maxillary glands 


Bcopically ) 


* The sign ± indicates that the symptom in question was only slightly present 



Paraphenylenediamin Experiments on Dogs (Continued) 


Remarks 


Two hours previous to this injection, the same dose p d had been mjeeted in 2 per cent boric aeid solu 
tion As this did not produce any effect, the injection was repeated, 25 per cent water solution being 
used and sterilizing being performed by boiling (for all the following eases, P D was used In this 
manner) The eye symptoms appeared three fourths hour after injection, and were evidently increas- 
ing during the five hours following Yet protrusio bulbi was not marked until the day after, the con- 
junctival edema then having disappeared The latter day, ganglia cerv sup were removed 

Two hours previous to the first injection, right sup cerv symp ganglion had been removed The first 
injection of 0 42 gm P D only produced some conjunctival edema, particularly in the right eye There- 
fore the same dose P D was injected once more, 3^ hours later The edema now following was, after 
2% hours, more pronounced on the right side than on the left, dog died shortly afterward 

The day following the injection, the dog was somewhat more lively Then the left cerv sup symp 
ganglion was removed Dog died shortly after 

One week after the injection, every general and local symptom had disappeared, evcept some comeal opal 
escence which had been visible for about four days I,eft sup symp cerv ganglion was removed On 
the third day after that (when no symptom from the first injection was to be seen any longer), the same 
dose P D (0 56 gm ) was Injected At this time the dog did not develop any eye changes but only 
general symptoms, death followed soon 

Three and one half hours after the injection the dog was etherized Cannulas were inserted into the right 
femoral artery and vein, and the dog was bled to death Mae whole vascular system was carefully 
washed out with 01 per cent salt solution A cannula was inserted into the thoracic aorta, and 
5 per cent liquor formaldebydi was injected m direction toward the head, thus establishing a good 
hardening in situ of the orbit contents 

Pour days later when all eye symptoms had disappeared and the dog seemed quite well, the left sup 
cerv symp ganglion was removed The dog died during the operation (from much pulling on and 
hurting the vagus— respiration paralysis) 

One hour after the injection there was a pronounced bulging of the bulbs which with its staring look and 
almost complete fixity of the bulbs was very much like exophthalmos in exophthalmic goiter Only a 
careful examination revealed the edema of the met and conj membranes This edema increased very 
much during the two hours preceding death 

Two days previous to the injection, the left sup symp cerv ganglion had been removed This caused 
lessening of left pupil and lid cleft, and enophthalmos sin Two hours after the injection the eye 
symptoms (edema of the nictit and conjunct membranes) were more pronounced on the left than on 
the right eye Pive hours after the injection the eye symptoms were equally present in both eyes, now 
there was also to be seen a bulging of the bulbs, as well as much fixity of them, the pupils were of 
medium and equal size 

Two days previous to the Injection, the left sup symp cerv ganglion had been removed (which had 
produced the same paralyzing symptoms as m Case 8) The ej'e symptoms following the injection 
developed their maximum zVz hours after the injection, having been increasing a little slower on the 
right side than on the left Left pupil was very narrow all the time, right pupil very wide 

Tour days previous to the injection, the same ganglion operation was done as in Cases 8 and 9, and 
with the same effect During the first hours following injection, the eye symptoms were more pro 
nouneced on the left side Later on, there was no evident difference between these changes on either 
side Yet the symptoms remained longer on the left side than on the right, still a week later there 
was some conjunctivitis on the left eye Seventy-one days after the ganglion extirpation, left pupil 
still was small (and elliptical in vertical direction), slowly reacting, left lid cleft was just a little nar- 
rower than right, enophthalmos sin was not unquestionable Another PD injection was done Eye 
symptoms developed, but more pronounced on the left side than on the right, though not even on the 
former very strong Death followed soon 

(Sanglion cerv symp sup sin was removed sixty four days previous to the injection Paralyzing effect as 
m earlier cases (and also purulent conjunctivitis sin ) Two days later the epinephiin test of Loewi 
was negative on both eyes Three weeks later the symp pa*-alyt symptoms were, on one day, less 
pronounced than before that time, once the pupil was found elliptical in a vertical direction Two 
months later the paral symptoms (even the enophthalmos) were very evident The inj symptoms reached 
their maximum G hours after the injection, equally pronounced on both eyes, death occurred some hours 
later 

One hundred and eleven days previous to the operation, the left phrenic nerve had been cut (as far down 
in the neck as possible), whereupon its proximal end had been turned upward and sewed to the distal 
end of the sympathetic (which also had been cut, close below the superior ganghon) At the necropsy 
the nerve suture was nicely healed and not to be detected The dog had all the time showed paralyzing 
symptoms on the left eye (small pupil, small lid cleft, pulling forward of the nictit membrane and 
enophthalmos, yet the latter had bj and by become less pronounced) 




388 


THE ARCHIVES OF INTERNAL MEDICINE 


below by a number of its branches with the vagus, from w^hich it is difficult 
to separate them When the sympathetic coid has entered the thoracic cavity, 
It forms the ganglion ccrvicahs inferior and separates from the vagus 

In addition to these experiments on dogs, I have also made injec- 
tions of paraphenylenediamin on a cal, a rabbit and a guinea-pig 
The results obtained were not, as the report below will show, entirely 
similar to those obtained from dogs 


Cat 13 — ^\Veight 3,390 gm Nov 16, 1914, rcccued subcutaneous injection 
in lumbar region of 0 25 gm of parapheinlcncdiamin (0075 gm per kilogram 
body weight) Immediately after this the pupils were small and reacted to 
light, cat was sluggish and discontented Two hours after injection, pronounced 
swelling beneath the lower jaw', considerable conjunctival edema, so that the 
cjehds could not close, no noticeable CNophthalmos , pupils of medium size, 
considerable general depression The cat died shortly after Postmortem 
examination showed much edema in the lower jaw region, as well as subcon- 
junctnally, but nowhere am brown pigmentation The orbits with their con- 
tents were examined micioscopiealK (In this case as well as with the other 
animals on which such examination was made — the rabbit, the guinca-pig, and 
three dogs — the ammal’s head was first hardened m liquor formaldehydi, 
whereupon each orbit was sawn out of its place and decalcified in 5 per cent 
solution of nitric acid, celloidm sections of horizontal and sagittal — and in one 
dog, oblique — meridians were made of the decalcified specimens) 

Rvbbit 14 — Weight 590 gm No\ 14, 1914, the pupils w'crc wide, equally 
large and reacting to light, 0013 gm of paraphcnjlenediamin were injected sub- 
cutaneously (0075 gm per kilogram body weight) No effect wdiatever w'as 
observed w'lthm one hour, therefore the same dose w'as again injected Novem- 
ber 16, no perceptible effect, pupils as before, injection made of 0135 gm of 
paraphenylenediamin Without having previously shown any noteworth}’’ symp- 
tom, the animal one and three-fourths hours after last injection was suddenlj 
attacked by clonic general convulsions, wdiich resulted m death m a few' min- 
utes The necropsy revealed nothing of interest 

Guinfa-Pig 13 — ^Weight 600 gm No^ 16, 1914, pupils wide, reacting to 
light, 0045 gm paraphenylenediamin injected subcutaneously November 17, 
no perceptible effect, another injection, same dose November 18, no perceptible 
effect November 23, animal still w'cll, killed under ether Necropsy show'ed 
nothing of interest 


From the records of the operations, it is evident that the para- 
j'henylenediamin injection, as far as eye symptoms, particularly exoph- 
thalmos, are concerned, gave positive results in the case of the dogs, 
but a negative result with cat, rabbit and guinea-pig 

The time for the appearance of the symptoms varied, both for 
the local phenomena and for those of general nature Usually the 
dog which had received an injection gave evidences of great unrest, 
apparently because of pain at the place of injection Thereupon fol 
lowed a condition of general dulness The dog would he on the floor 
hmp and give the impression of being very sick In five of the cases 
occasional vomitings occurred in the next few hours, in three cases 
diarrhea Clonic convulsions, especially in the lower jaw, back o 
neck, and in the extremities, were observed in five animals, usually 
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continuing until death ensued In Case 2 there was no typical con- 
vulsion, but slight twitches in the extremities, giving the gait a some- 
what spastic ataxic appearance A lowering in blood pressure was 
observed in Dog 10, the only animal in whose case such a recoid 
was made 

Eye symptoms failed entirely to appear for several hours in one 
case (Case 12) The injection was made m the afternoon I had 
no opportunity to observe the dog for more than three hours after 
that, and in the following night he died In all the other cases, 
paraphenylenediamin injection in dogs was followed by more or less 
pronounced changes in the region of the eyes (and in same cases also 
around the submaxillary gland) These symptoms appeared within 
from one-half to two hours after injection, reached a maximum 
during the following four or five hours, and m case of the animal 
surviving, had usually disappeared m a week In one dog (Dog 7 ) 
within one hour after injection a bulging of the eyeballs was observed, 
w hich, with its characteristic staring expression and the almost immov- 
able fixity of the eyeballs, reminded one of exophthalmic goiter 
exophthalmos, on closer examination there was found an incipient 
edema m the nictitating and conjunctival membranes which increased 
decidedly later, and thus made this case gather like the others The 
invariable characteristic m these eye symptoms was an edema which, 
in almost all cases, was first observed in the membrana nictitans and 
the lower conjunctiva palpebrarum and then spread to the conjunctival 
membrane in its entirety, constantly increasing in quantity In three 
cases, the eye syndrome was limited to an edema m the nictitating and 
conjunctival membranes with no (Case 2) or very slight (Case 10 — 
second injection — and Case 11) protrusio bulborum In the other 
cases there developed, besides the externally recognizable edematous 
swelling, sooner or later an unmistakable bulging out of the eyeballs, 
which in a few exceptional cases persisted even after death In two 
cases (Cases 8 and 11) the depth of the anterior chamber was 
increased, in three (Cases 4, 8 and 9) there was found a noteworthv 
increase in intra-ocular pressure Often the edematous swelling at 

12 This experiment was carried out at the second paraphenjdenediamin injec- 
tion as follows The dog was put under ether A cannula connected with a 
■mercury manometer and with an ordinary registering kymograph was inserted 
into one of the carotids, whereupon 03 gm paraphenylenediamin was injected 
subcutaneously Before injection, the blood pressure was about 100-110 Ten 
minutes later it stood at 80 , twenty-five minutes later, when the dog had been 
permitted to come out of the narcosis in part and no longer lay limp, the figure 
rose to 110-120 for a few minutes He was then put into a deeper sleep After 
ten minutes, 70 was registered, after which the figure kept at about 80 An 
liour after injection, the experiment ivas stopped because of coagulation of the 
filood in the cannula and supply tube 
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the maximum of the changes was so pronounced that the eyelids 
could not be closed It was not possible to determine any other 
anatomic basis for the symptoms than an edematous accumulatioi^ 
m the tissues, in none of the species could any venous thrombosis 
be histologically demonstiatcd 

Size and reaction power of the pupils were lecorded, but were 
often difficult to detcimine precisely, because of the presence of 
chemosis Only in one of the animals did they show a change that 
could be attributed to the injection In this case (Case 8) the left 
pupil was contracted before the injection because of operative paralysis 
of the sympathetic, but five minutes after injection both were of 
equal and medium size The reason foi this may, in my opinion, be 
the alteration in the conditions of the circulation resulting from the 
injection, as is observed, for instance, in glaucoma, in which condi- 
tion, together \Mth an inci cased intra-ocular pressure, there is also a 
widening of the pupils, no longer reacting to light (and where there 
IS no suggestion of interpreting these symptoms as the result of 
sympathetic stimulation) 

Particular mention must be made of the experiments in which one 
of the upper sympathetic cervical ganglia had been removed before 
injection The effect of this operation per se — before any injection 
was made — w'as of course a paralysis of the muscles within the orbit 
supplied by the sympathetic bundles, lid-cleft and pupil became smaller, 
the nictitating membrane w^as pulled forward tow'ard the pupil, and 
the eyeball appeared to recede into its socket The extent of each of 
these symptoms varied somewdiat The most constant factors were 
the decrease in the size of pupil and lid-cleft , they Avere never lacking 
for a certain period after operation Less unquestionable were, some- 
times, the for\vard tendency of the nictitating membrane, and 
enophthalmos After a few weeks, or at most months, the decrease 
in the size of the pupil was, as a rule, the only remaining symptom 
that w^as completely evident, an adjustment to the normal appeared 
to have set in, both with regard to the wndth of the lid-cleft and, above 
all, the position of the bulb 

Now, wdiat was the nature of the eye symptoms after paraphenyl- 
enediamin injection in those animals in which a paralysis of the 
sympathetic on one side had been practiced^ This was noted m 
seven of the experiments with the following results 

1 The eye symptoms were never less pronounced on the side of 
the paralyzed sympathetic than in the other eye 


13 This symptom was distinctly observable, but not in a pronounced degree,^ 
m Cases 10 and 11 , more pronounced m Case 12 In another connection I sha 
probably dwell more exhaustively on the details of these paralytic symptom 
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2 In two cases (Case 2 and Case 10, second injection) in which 
the animals lived only a few hours after the injection of para- 
phenylenediamin, the eye changes were somewhat more pronounced 
on the side on which operation was performed than on that not 
operated on The upper cervical ganglion had been removed two 
hours and seventy-one days, respectively, before the injection 

3 In three cases (Cases 8, 9 and 10, first injection) the eye 
symptoms, which included protrusio bulbornm during the hours imme- 
diately following injection, were most pronounced on the side on which 
operation was performed, but did not present any unquestionable; 
dissimilarity between right and left eye at the time of maximum effect 
In these cases the injection had been made from two to four days 
after removal of the sympathetic ganglion 

4 In two cases (Cases 11 and 12) which received injections sixty- 
four and 111 days, respectively, after production of the sympathetic 
paralysis, and which resulted in death within twelve hours after 
injection, no dissimilarities whatever were observed in the eye symp- 
toms of both sides Yet the symptoms were m the former case very 
faint, and m the other not quite beyond doubt 

A summary of these data could yield this result In the first place, 
the eye symptoms produced by pai aphenylenediamm, winch usually 
include protrusio bidborum' may be brought about zvifhouf the infe)- 
mediation of the cervical sympathetic No evidence has been offered 
for supposing that the cooperation of the sympathetic is necessary 
for producing the eye symptoms, but it has been shown experimentally 
that the latter is possible even when the injection is made so long 
after the removal of the upper sympathetic cervical ganglion that the 
nerve units situated distally to it may be considered to have already 
degenerated In the second place, these paraphenylenediamin experi- 
ments show that the final effect of the injection, if it is undei taken 
after one of the ceivical sympathetics has been cut out, will still be 
produced and will be equally pronounced in both eyes, but it develops 
more slowly and comes out later in the eye on the side on which 
operation has been performed The most plausible explanation of 
this is piobably to be found in the fact that the fibers of the cervical 
sympathetic that go to the vasoconstrictors predominate over those 
that supply the vasodilators The bringing about of a sympathetic 
paralysis has lesulted, therefore, among other things, m a dilatation 
of the corresponding carotid branches on the operated side, which 
may have involved the opportunity for a more rapid appearance of 

14 See, for example, Frank’s "Hamod.vnamische Operationen” in Tigerstedt’s 
Handbuch der pltysiologischen Methodik 1911, n. Part 4 , p 364 ]\Ieltzer, S J, 
and Meltzer, C Am Jour Physiol , 1903, ix, 147 
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the edema, essenlially limited to the contents of the orbit which is 
the chief anatomic effect of a paiaphcnylenediamin injection 

In connection with the investigations described above, I might 
lefer briefly to other expenments vhicli I made vith the purpose of 
producing exophthalmos Then results were entirely negative, as 
far as eye symptoms aie concerned, but they may nevertheless be 
of interest They were based on the assumption that a chronic 
stimulation of the ccr\ ical s} mpathctic may produce a bulging of the 
eyeball MacCallum and ConielP" have proved on dogs that a 
temporary protrusion may be brought about by the application of 
an electric current to the cervical sympathetic, they were able to 
make graphic records of the amount of bulging I tried without 
success to repeat the experiments on dogs (three cases), cats (three 
cases) and rabbits (one case), notwithstanding the use of a very 
strong interrupted current, I obtained hardly any other striking phe- 
nomenon than a maximum dilatation of pupil, no unmistakable exoph- 
thalmos was produced, though perhaps there was bulging of 1 or 2 
millimeters in the case of one cat I once had occasion to observe 
a neck operation on a patient in wdnch the corresponding effect was 
to be noted, electric sympathetic stimulation bi ought about dilatation 
of the pupil, but no visible exophthalmos And in the paper of 
MacCallum and Cornell,^® the same observation is mentioned by them 
from hvo patients Jonnesco'® is the only one whom I have known 
to announce a positive result of such experiments, on applying a 
strong electric current to the sympathetic, he noted the appearance ot 
exophthalmos in man 

In order to bung about a chronic sympathetic stimulation, I have 
made use of the same principle as that successfully employed by 
Timme^" on the vagus (mechanical production of pressure neuritis), 
and also of the procedure long ago practiced by Langley^® and recently 
by Cannon^® in the neck nerves (phrenicosympathicus anastomosis). 

Timme, by placing a ligature very gently around each of the vagus trunks 
above the diaphragm on cats, succeeded in producing a hyperplasia of the 
mucous membrane in the stomach (on the other hand no increase, but rather a 
decrease in the function of the stomach) By cutting the phrenic and sympa- 
thetic nerves on one side of the neck of a cat, and sewing together the proxima 
end of the former with the distal (head) end of the latter, Langley obtaine a 
satisfactory union of these two heterogeneous nerves, but did not, even a ter 


15 MacCallum and Cornell Med News, Oct 15, 1904 

16 Jonnesco Tr XIII Cong internat de med , Pans, 1900 MacCallum and 
Cornell (Footnote 15) 

17 Timme Jour Nerv and Ment Dis, 1913, xl, 311 

18 Langley Jour Physiol, 1898, xxiii, 240 

19 Cannon Am Jopr Physiol , 1915, xxxvi, 363 
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197 days, observe any changes in pupil, etc, of the conesponding eye, that 
might point to a functional disturbance of the muscles supplied by the sympa- 
thetic Cannon, however, claims to have observed this in at least one animal 
within five months after the nerve operation 

In two dogs I exposed one ceivical sympathehc ganglion, trans- 
fixed and kgated it, httt not very tightly The operation on the first 
animal was performed Dec 5, 1914 Its general condition was very 
good until death ensued, December 14, the cause of death was pneu- 
monia The other dog was operated on Jan 16, 1915 and died, also 
of pneumonia, March 23 Toward the end the latter animal showed 
fctihng out of hair all over the body, emaciation, weakness, and 
(March 19) a sugar tolerance of less than 5 The pulse rate did 
not rise (March 19 and 20 it was constant at about 100), and bladder 
urine was free from albumin and sugar at necropsy Postmortem 
the stomach proved to be unusually large, and the thyroid micro- 
scopically rather rich in colloid 

In these two dogs I could not, notwithstanding almost daily exam- 
inations, observe any other eye changes on the side on which opera- 
tion was performed than those usually produced by sympathetic paral- 
ysis, that IS, contraction of the pupil and lid-cleft and, in the first 
few weeks, enophthalmos Such an effect was what one would natur- 
ally have expected for the period following ligation, it was evidence 
that the nerve connection in the sympathetic had been broken But 
ir would seem that symptoms of irritation (pressure neuritis) should 
have been discernible later The sixty-four-day period during which 
the second dog lived after ligation is, however, too short a time to 
justify any final inferences Although the entire absence of any 
visible evidence of sympathetic irritation is striking, a longer period 
of observation might have led to a different result 

In my last senes of experiments, discussed in this paper, I cut 
both the phrenic and sympathetic nerves on one side of the neck and 
sewed together, end to end, the proximal end of the phiemc and the 
distal end of the sympathetic (or the upper sympathetic ganglion) 
The operation was performed on four dogs, two cats and one rabbit 
Of these, five died within twenty days after operation (of intoxication 
fiom narcosis, infection, postoperative hemorrhage, pneumonia) One 
dog was killed 111 days,^^ one cat 175 days later I shall give a more 
detailed statement of these experiments in another paper Suffice 

20 That is, saccharose, administered by mouth in doses of S gm per kilo- 
gram body weight, gave positive Nylander and Benedict tests during the follow- 
ing twenty-four hours The physiologic tolerance for saccharose m tests on 
unoperated dogs was found by Goetsch, Cushing and Jacobsen to be on an 
average 10 gm per kilogram body weight (Bull Johns Hopkins Hosp, 1911, 
xKii, 165) 

21 Included as No 12 in the table 
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it here to say that in no case was I able to find any eye symptoms 
that could be attributed to a sympathetic stimulation transferred to 
the smooth muscles of the orbit or of the eyeball A contraction of 
the corresponding pupil and a drawing forward of the nictitating 
membrane continued throughout the period of observation, indicating 
that the sympathetic ner\fe had been interrupted I had daily occasion 
to observe that no bulging of the eyeball oi widening of hd-cleft, or 
the like, developed I did not neglect to make repeated precise obser- 
vations of the behavior of the pupil in broad daylight as well as in 
direct light Never was I able to observe any enlarging of the pupil 
corresponding to the animal’s respiration, vhich Cannon had found 
111 a cat similarly operated on 

This concludes my report on the attempts to produce exophthalmos 
experimentally Considered together, they show that whenever they 
pioceeded from the assumption of cooperation through sympathetic 
stimulation, they were negative, but that in that group of cases in 
which paraphenylencdiamin injections were made for the purpose, 
they were positive, even when the cooperation of the sjmpathetic had 
been eliminated Thus far they have proved that an exophthalmos — 
one not resulting fiom an intra-orbilal tumor, or some such cause — 
may arise without any intermediation of the cervical sympathetic 
But we are by no means justified in transferring these results directly 
to human beings with exophthalmic goiter On the contrary, it seems 
to me that my investigations show, among other things, how necessary 
It IS to refrain from erroneous combinations The temporary but 
slight forward shift of the bulb which, at least in certain animals, 
IS likely to be produced by a direct electric stimulation of the cervical 
sympathetic is one thing, the somewhat more lasting protrusio bulbi 
in dogs after a subcutaneous paraphenylenediamin injection is quite 
another matter, and exophthalmos in exophthalmic goiter, sometimes 
continuing for years and occasionally of extremely pronounced char- 
acter, has peculiarities that make it also a distinct group 

There is much to be said against the assumption that exophthalmos 
in exophthalmic goiter may be the result of a sympathetic stimulation 
The entire aspect of the eye changes m paraphenylenediamin intoxi- 
cation as a rule makes the impression of disturbance of the circulation, 
edema, which is by no means the most striking feature of exophthalmic 
goiter — although there are some similarities between them that are 
worthy of note (such as palpebral edema occasionally arising in 
exophthalmic goiter^^) 

22 See Case 9 m the exophthalmic goiter material, previously presented by 
me (Mitt a d Grenzgeb d Med u Chir , 1914, xxvii, 42) 
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On the whole, the question of the genesis of exophthalmos in 
exophthalmic goiter remains unsolved Yet it must seem all the 
more desirable that we should acquire a thorough understanding of 
It, now that we have arrived at a more complete recognition of the 
importance of distinguishing clearly, both in diagnosis and prognosis, 
between the syndrome of clinical and pathologic anatomic phenomena 
which we roughly speak of as exophthalmic goiter 



THE CLINICAL STUDY OF EDEMA BY MEANS 
OF TI-IE ELASTOMETER >• 

A B SCHWARIZ, MD 

CHICAGO 

The elastometer, an instrument devised by Schade^ to measure 
edema, promises to change the study of edema from a subjective one 
depending on the amount of pitting obtained on pressure, to an objective 
one, whereby the degree of edema may* be expressed in exact terms 
Tactile estimation of edema fails not only to give an accurate idea of 
fluctuations that occur in an edematous area, but by the tactile sense 
alone, slight and even moderate degrees of edema may pass unnoticed 
Indeed, Widal- has shown that m the adult an increase in weight up 
to 6 kilos may occur before edema will be sufflciently marked to be 
noted by the palpating Anger This figure vanes in different indi- 
viduals under different conditions Studies m water retention, which 
have heretofore been done by noting the changes m the body weight 
or by determining the fluid intake and output, may now be improved 
by controlling such studies with estimation of edema obtained by the 
elastometer, for by means of this instrument, one can detect degrees 
of edema not appreciable by the palpating finger 

Principle of the InsUuinent — (Figure 1 ) A disk mounted on a perpen- 
dicular tactile rod is placed on the skin surface, with the addition of a super- 
imposed weight , the amount of depression caused by the sinking of the weighted 
disk into the skin and subcutaneous tissue is graphically transferred by a 
writing lever to a revolving drum, making a characteristic curve Surround- 
ing this tactile disk, which measures the elasticity, is a set of three similar 
tactile disks, which rest on the surrounding skin surface, and indicate by a 
separate lever on the revolving drum any movement of the central disk other 
than that caused by the addition or removal of the weight This line is known 
as the control line and must be straight in order to have the record of any 
value Thus, faulty curves caused by disturbing factors can be eliminated by 
observing the control line 

Method of Use — To use the instrument it is necessary that the patient be 
absolutely quiet The location selected for taking the reading may be any 
part of the body surface overlying a bony area Thus, the dorsal fold of the 
wrist, the forehead, or the lower part of the leg above the malleolus, may be 
used in making these determinations The dorsal fold of the wrist has been 
found to give the most satisfactory readings, since this part of the body is 
more easily put at complete rest than the other areas mentioned The patient 

* Submitted for publication Oct 20, 1915 

''From the Otho S A Sprague Memorial Institute Laboratory of The 
Children’s Memorial Hospital 

1 Schade, H Ztschr f Exper Path u Therap , 1912, xi, 369 

2 Widal, F, and Lemierre, A Ergebn der inn Med u Kinderh , 1909, 
IV, 523 
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may be either m the recumbent or sitting posture The hand and forearm are 
surrounded by sand bags in such a manner as to give complete relaxation, 
yet be well immobilized and not interfere with the circulation The patient 
must relax as completely as possible It is almost impossible to obtain read- 
ings on patients who will not cooperate The patient relaxed, the instrument 
IS placed on the table close to the bedside, if the patient is recumbent, or 
placed on the same table as the extremity Rested if the patient is in a sitting 
position 

The tactile disks are lowered until they come in contact with the skin 
surface, the disks being so arranged that the control disks surround the weight- 
bearing disk This arrangement occasionally offers some difficulty, in that 
the writing points controlled by these two sets of tactile disks may come in 
close approximation on the drum surface, thereby hindering their independent 



Fig 1 — ^The elastometer 

working Manipulation of the tactile disks is then necessary until the two 
writing points are separated and the movement of the one does not affect that 
of the other The drum is then allowed to revolve As soon as the lines 
drawn on the revolving drum are parallel and fairly horizontal, the weight is 
placed on the weight holder, which is a circular shelf attached to the central 
rod These weights are of three sizes , SO, 75 and 100 gm , respectively In 
our work, the SO gm weight has been used almost exclusively, because we 
found It gave the most satisfactory curves in the majority of cases The 
75 and 100 gm weights are heavier than necessarj to obtain successful read- 
ings 111 w'orkmg wnth children 

A^arious degrees of elasticitj' give characteristic curves Figure 2 represents 
diagrammatically extremes of \anation m the curves that may be theoretically 
obtained Curve 1 represents perfect elasticity a is the base line At the 
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point X the weight is added, whereupon the lever makes its ascent on the 
line bi which reaches its height rather quickly and continues along the line 
bs At the point y, the weight is removed and the lever falls rapidly and 
perpendicularly making the line Ct and reaches its base line at c:, which is 
on a level with the original base line a Curve 2 represents a condition present 
in a severe edema At the point the weight is added, whereupon the lever 
rises rapidly along the line hi but soon changes to a slow sloping ascent, making 
the line b; This slow curved ascent is due to the gradual sinking in of the 
tactile disk into the inelastic tissue When the weight is removed at y, the 
lever descends along the line Ci as the tactile disk rises from its depression 
but soon reaches its lowest point and descends no further, on account of the 
depression formed in the inelastic tissue remaining (“pitting”) The line c: 
remains, therefore, some distance from the original base line, this difference 
representing the loss of elasticitj Curve 3 represents the opposite condition 
from elasticity, namelj, plasticity At the point a, the weight is added, and 
the lever ascending slowdy makes the line b At the point y, the weight is 
removed but on account of the plasticit>, the tactile disk remaining in the 



Fig 2 — ^Diagrammatic representation of curves that may be theoretically 
obtained by the elastometer Full description given in the text 
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Fig 3 — Height of curve varying with amount of subcutaneous tissues 

depression formed, the lever does not descend but continues along the line c 
Not only is the degree of elasticity expressed by the difference between the 
line C 2 and the original base line, but by the character of the ascending and 
descending curves 

In our early work with the instrument, following Schade, we expressed 
readings in percentages We have found that variation in percentages may 
result from relative changes in the various tactile disks on the skin surface, 
mg a difference in the height of a curve Rearrangement of the tactile dis s 
on the skin surface may place the curve-forming disk on a part having a greater 
amount of subcutaneous tissue, which would give a greater heiglff to t e 
ascent curve Hereby it may occur that with the change in the hei^t of e 
curve there may be associated a change in the elasticity expressed in per 
centage This becomes a very important yet uncontrollable factor in the com- 
parison of readings taken from two separate parts of the body or on wo 
separate individuals Thus, a reading on the leg would give a higher 
than one on the wrist, and it may happen that the percentage loss of elasticity 
on the leg is greater than on the wrist, despite the fact that there is a pa pa 
edema on the wrist and not on the leg 
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Figure 3 illustrates a difference in the height of the curves depending on a 
rearrangement of tactile disks In this case there is no loss of elasticitj" A 
large amount of subcutaneous adipose tissue may give abnormal curves not 
dependent on elasticity loss 

The curves obtained by the elastometer in individuals with normal elasticity ' 
(Fig 4) show a rapid perpendicular ascent, an almost horizontal upper line, 
and a perpendicular descent line, the base of the last line being on a level 
with the original base line or becoming so within a minute 

Following Schade, we have taken a one minute interval as the standard 
time in which the curve is formed, and allow one minute after the removal 
of the weight for the return to the base line When on taking a reading at 
a certain point a faultless curve is not obtained, due to the patient’s move- 
ments or other causes, the tactile disks should be moved, since depression in 
the skin formed by immediate previous readings may affect the character of 
subsequent readings obtained from that part Figure 5 shows three succcessive 
readings taken on the same point without moving the tactile disks The first 
curve shows a definite loss of elasticity, the second and third curves show 
less loss, taking the preceding return line as the base line 



Fig 4 — Normal elasticity cun'es, readings taken at wrist Curve 1, T H, 
neurasthenia, Curve 2, N F, chronic endocarditis. Curve 3, F 0, chronic 
endocarditis, Cun^e 4, S R, contracture of foot 



Fig 5 — Successive readings taken on same point without rearranging disks 
Wrist readings 

OBSERVATIONS 

In edema resulting from general causes, such as that associated with 
cardiac insufficiency or nephritis, while, by ordinary palpation, this 
edema may seem to confine itself to a definite locality such as the face 
or extremities, the elastometer will usually show a more generalized 
loss of elasticity Figure 6 shows readings taken on the wrists of 
patients who showed no palpable edema at the wrist, but had palpable 
edema at some other part of the body \Vith a seiere edema present 
in any part of the body, readings taken at the wrist will generally show 
slight or moderate losses of elasticitj’’, which will usually persist even 
after the palpable edema in the distant part has disappeared (Fig 7) 
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Curve 1 IS a reading taken on the forehead of a patient Avith a chronic 
endocarditis, who had a postscarlatinal nephritis at the time of the 
reading The face showed a marked edema, which was not only pal- 
pable but visible The urinalysis at this time showed a large amount 
of albumin, hyaline and granular casts The reading in the curve is 
the characteristic one of a severe edema, the sloping gradual ascent 
and the deficient return to the base line on removal of the weight 
Curve 2 was taken nearly a month latei when the patient exhibited no 
palpable edema on any part of the body and the urine was free from 
casts and albumin Despite the entire disappearance of palpable edema, 
the wiist shows a slight loss of elasticity 
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Fig 6 — Edema demonstrated by elastometcr though not palpable when read- 
ing IS taken Curve 1, hydrothorax, no palpable edema any part of body 
Reading at wrist Curve 2, nephritis, chronic , edema palpable in lower extremi- 
ties Reading at wrist Curve 3, endocarditis, mitral, chronic Moderate edema 
of lower extremities Reading at wrist 
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Fig 7 — A K, Curve 1 Forehead Palpable and visible edema (Dec 
11, 1914 ) Curve 2 Wrist No palpable edema over any part of body 
(Jan 4, 1915) 

« 

In patients with nephritis we have observed persistent elasticity loss 
even after the disappearance of all other symptoms Curve 2, Figure 8. 
shows a reading taken on a patient with chronic nephritis This 
patient had previously presented symptoms of a uremic character, at 
which time there was a generalized palpable edema, ascites, excretion 
of urine for a few days almost approaching anuria, plienolsulphone- 
phthalein excretion 15 per cent in two hours The patient slowly 
improved and at the time the reading was taken showed no evidence of 
any trouble except the faintest trace of albumin and the elasticity 
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loss exhibited in the curve The patient was discharged, but since 
then has been readmitted with palpable edema and the usual urinary 
findings of a chronic nephritis 

In one other similar case of nephritis, a gradually diminishing but 
persistent elasticity loss was succeeded by a recurrence of the other 
symptoms which had entirely disappeared In these cases the elasto- 
metric readings served as a helpful gauge of the progress of the 
disease 

It IS probable that with the improvement of the instrument and the 
technic of its use, such readings will assume important clinical value 



Fig 8 — Curve 1, J T , Curve 2, A J , Curve 3, W S , Curve 4, S G 



Fig 9 — Upper line readings taken on right wrist, lower line readings taken 
on left wrist Left to right dated December 6, December 9, December 14, 
December 26 


The manifestation of palpable edema in chronic endocarditis has 
usually been associated in our minds with serious disturbances of 
cardiac functions With the elastometer, slight changes m elasticity are 
demonstrable in numerous cases of endocarditis without other evidence 
of decompensation Curve 1, Figure 8, is a reading obtained on a 
patient with a mitral endocarditis This patient was admitted to The 
Children’s Memorial Hospital following a first attack of mitral endo- 
carditis On admission the patient had painful joints, and the exam- 
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ination of the heart showed the presence of a soft systolic apical mur- 
mur transmitted toward the axilla At the time the i eading was taken 
there were no subjective or objective signs of a break m compensation 
The heart action was regular and strong The mitral murmur was 
present as on admission The patient felt well, and appeared normal 
The reading taken at the wrist, however, shows a slight loss of elas- 
ticity Curve 4, Figuie 8, is a reading taken on a patient with chronic 
mitral and aortic endocaiditis who at no time showed any palpable 
edema Urinalysis was negative The reading taken at the wrist shows 
a slight loss of elasticity Curve 3, Figure 8, illustrates well the known 



Fig 10 — A R, endocarditis, mitral, chronic 



Fig 11 — Upper row above malleolus Lower row at wrist 


occurience of edema in anemia The patient had been in the hospital 
on several occasions for hemophilia At the time the reading was 
taken the patient was in the hospital on account of subcutaneous hem- 
orrhages following injury Blood examination showed the following 

Red cell count 3,980,000 

White cell count 6,600 

Hemoglobin (Sahli) 31 per cent 

The red cells show moderate achromia and quite a bit of anisocy- 
tosis The elastometnc reading taken on the wrist shows definite loss 
of elasticity though the edema is not palpable 
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Figure 9 shows readings taken in a case of hydrotliorax with general 
reduced tissue turgor and palpable edema over the chest This patient 
was admitted to The Children’s Memorial Hospital Dec 5, 1914 The 
Roentgen-ray examination corroborated the diagnosis of hydrothorax 
Heart and urine were normal Von Pirquet reaction was positive 

Dec 6, 1914 — Elastometnc reading on both wrists show a decided loss of 
elasticitj Curve 1, Figure 9 

Dec 9, 1914 — Tissue turgor somewhat improved The elastometnc read- 
ing shows little change Curve 2, Figure 9 

Dec 14, 1914 — Very slight palpable edema of lower extremities Elasto- 
metric reading, Curve 3, Figure 9 (Little change ) 

December 19, 1914 — Thoracentesis done, 6 ounces greenish- 3 '-ellow fluid 
removed Cultures negative 

Dec 26, 1914 — No palpable edema Curve 4, Figure 9 Turgor much 
improved 



Fig 12 — Curve 1, P W, lobar pneumonia, 21 per cent loss, Curve 2, 
G R, pulmonary tuberculosis, IS per cent loss. Curve 3, E H , nephritis, 
12 per cent loss , Curve 4, J H , lobar pneumonia, 20 per cent loss , Curve 5, 
F D , unknown infection, 7 per cent loss , Curve 6, T C , pericarditis, 19 per 
cent loss , Curve 7, L N , mihary tuberculosis, 44 per cent loss 

With improvement of the tissue turgor, with diminution of the fluid 
in the pleural cavity, with decline of the temperature curve, the elasto- 
metric readings show a gradual return to normal The upper line of 
readings was taken on the right wrist, the lower line on the left wrist, 
at neither of which parts was there at any time any palpable edema 
We have further data on cases of pneumonia, to be published later, 
indicating an interrelationship between fever and edema 

Figure 10 is a series of readings taken on a patient vith chronic 
mitral endocarditis This patient was admitted to The Children’s 
Memorial Hospital, Dec 5, 1914, at which time there was no palpable 
edema 

Jan 7. 1915 — Child appears much worse Face puffj' Edema palpable over 
sacrum and very slightlj o\er tibiae Breathing labored and noisy, patient 
restless, and has a cj'anotic pallor 
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Jan 8, 1915 — Elastometnc reading at ^\^st shows a decided loss of elasticity 
Jan 9, 1915 — Elastometnc reading shows similar findings 
Jan 12, 1915 — Child somewhat better, breathing is quieter Following 
restriction of fluids and active catharsis, edema of face has diminished Feet 
and sacrum still show slight palpable edema 

Jan 14, 1915 — Elastometnc reading shows less edema than on January 9 
March 9, 1915 — No palpable edema Patient comfortable Elastometnc 
reading shows still some loss of elasticity persisting 

Here, again, the elastometer not onl)^ recorded fluctuations in the 
amount of edema, but showed the presence of edema after its suh- 
jectne perception ^^as absent 

Figure 11 shows a series of readings taken on a patient with marked 
palpable edema of the feet from an unknown cause (cirrhosis of 
liver The three upper readings, shoving the usual curve of a 
severe edema, were taken just above the malleolus The lower line of 
readings taken on the v rist show a gradually increasing elasticit}’’ loss , 
Curves 4 and 5 show very slight evidence of edema, but Curves 6 and 7 
show quite distinct losses of elasticity At no time did the wrist show 
any palpable edema 

Figure 12 illustrates the mathematical expression of edema The 
shaded portion represents the deficient return of the base line Each 
small square on the figure represents a millimeter The percentage loss 
of elasticity is obtained by dividing the number of millimeters between 
the return line and base line (one minute after removal of the weight) 
by the height of the curve expressed in millimeters 

DISCUSSION 

It is here seen that by means of the elastometer, the study of edema 
becomes a more accurate one Though, with the present instrument, 
the expression of edema in mathematical terms is not deemed advisable, 
the character of the curves, together with the deficiency of return to 
the base line permit of an approximate estimation of the intensity of 
an edema 

Furthermore, the instrument makes possible the recognition of 
slight degrees of edema which heretofore could not be detected Per- 
sistent evidence of elasticity loss, despite the disappearance of other 
signs in patients with nephritis or endocarditis, indicates the advisability 
of more prolonged observation of cases of this character 



THE URIC ACID SOLVENT POWER OF URINE AFTER 
ADMINISTRATION OF PIPERAZIN, LYSIDIN, 
LITHIUM CARBONATE AND OTHER 
ALKALIES 

HOWARD D HASKINS, MD 

PORTLAND, ORE 

In a recent paper^ I reported the results of an investigation of the 
uric acid dissolving power of hexamethylenamm The mode of 
action of that drug is quite different from that of the rest of those 
substances which have been classed as “uric acid solvents ” The 
latter, if they act at all as solvents, do so by virtue of being basic 
substances The purpose of this paper is to report an investigation of 
the solvent power of the most important members of this class 

The organic compounds piperazin and lysidin are amine deriva- 
tives, and the nitrogen of their molecules imparts to these substances 
a basic character so that they combine with acids They are supposed 
to form salts with uric acid which are very soluble And it is true 
that in aqueous solution they dissolve a very large amount of uric acid 
(see Table 10) 

Lithium carbonate and sodium bicarbonate are supposed to act as 
alkalies toward uric acid, forming lithium and sodium urates which 
are quite soluble In aqueous solution they certainly do cause a con- 
siderable quantity of uric acid to go into solution (Table 10) 

Furthermore, each of these four solvents when added to urine or 
phosphate mixture, causes the urine to take up much more uric acid 
than it could dissolve without the addition of the drug (Tables 8 and 
9) It remains to be determined, therefore, whether after administra- 
tion of these drugs the urine acquires a greater uric acid solvent power 
than normal urines of similar character (as regards concentration and 
acidity) would have , in other words, whether the drug is excreted in 
such form and concentration as to show demonstrable uric acid solvent 
action due to the drug itself This is what we have tried to determine 

* Submitted for publication Nov 1, 1915 

*From the Department of Biochemistr)' Medical School, University of 
Oregon 

*The expenses of this research were defrayed in part bv a grant from the 
Committee on Therapeutic Research, Council on Pharmac} and Chemistry, 
American Medical Association, and in part by the Laboratory of Physiolog>" 
and Biochemistr} , Western Reserve Universitj 

1 Haskins, H D The Archives Int Med, 1915, xvi, 1055 



TABLE 1 — Urtnes Aeter Taking a Drug- 


less DILUTE URINES ALTER PIPERAZIN 


Acidity 

Dosage 

Gm 


Piper 
^ Test 

1 

Uric Acid 
Content 
.Mg 

Total 
Uric Acid 
Mg 

Uric Acid 
Dissolved 
Mg 

7 4* 

2X2 

0-2 

+ 

71 36 

612 48 1 

541 12 

7 3* 

2 

2-4 

Trace 

90 36 

695 32 

604 96 

7 3* 

2 

0-2 


43 63 

48494 

441 31 

7 2* 

2 

0-1 V4 

4" 

22 80 

367 90 

345 10 

69 

2 

0-3V2 

+ 

62 24 

66492 

602 68 

69 

2 

2-3 


16 64 

30924 

292 60 

69 

2 

0-2 


75 92 

288 72 

212 80 

69 

2 

0-3 

+ 

8024 

203 60 

123 36 

6 85 

2 

3-4 

+ 

12 08 

21424 

20216 

6 75 

2 

3-4yi 


18 87 

221 53 

202 66 

62 

2 

o-2yi 

+ 

79 72 

500 00 

420 28 

60 

2 

o-5y2 

+ 

63 00 

115 44 


58 

2 

0-2 


30 32 

11696 
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DILUTE URINES AFTER PIPERAZIN 


69 

1 

0 

1 


920 

94 00 

84 80 

6 55 

1 

y2-i% 


8 40 

48 20 

39 80 

65 

2 

4 -5yo 


23 20 

82 00 

58 80 

6 5 

1X2 

1 - 1 V 2 1 


9 20 

6120 

52 00 

65 

2 

iy2-2 


10 00 

60 40 

50 40 

645 

1X4 

0 - yo 


7 60 

1960 

12 00 

64 

1X4 

%-i% 


9 20 

4440 

35 20 

6 35 

1 

0 -1 


10 44 

4744 

37 00 

63 

1X4 

iy2-2 


920 

43 60 

34 40 

625 

1X3 

Vi- % 


8 40 

18 00 

9 60 

61 

2 

3y4-4y4 


10 00 

52 80 

42 80 

61 

2 

V2-W2 


920 

26 00 

16 80 

60 

2 

0 - 2 V 2 


7 52 

55 40 

47 88 

60 

2 

1 \ 

2 - 2 % 

1 

840 

j 25 20 

1 

16 80 


table 3 — 


LESS DILUTE URINES AFTER LYSIDIN 


71 

2X2 

V 2 - 2 V 2 


38 00 

178 00 

140 00 

71 

2X2 

5 -6 


112 40 

200 00 

87 60 

61 

2 

0 -1 


3160 

68 40 

36 80 

60 

2X2 

2y2-4 


22 00 

51 60 

29 60 

585 

2 

0 -3 


56 92 

130 64 

73 72 

585 

2X2 

0 - V 2 


52 00 

71 60 

19 60 

58 

2 

0 -4% 


63 76 

109 36 

1 45 60 

58 

2 

0 - 21/4 

1 

1 

1 

78 96 

1 

10176 

22 80 











— Controls Urines Without the Drug 

LESS DILUTE CONTROL URINES 


Unc Acid 

1 

Total 

Uric Acid 



Dissolved 

Mg. 

Uric Acid 
Mg. 

Content 

Mg 

Acidity ‘ 

Remarks 

283 14 

29694 

13 80 

76* 

*NaHC03 adminis- 

350 00 

446 55 

96 55 

7 3* 

tered 

25575 

360 75 

105 00 ! 

73* 


223 50 

27900 

55 50 j 

72* 


198 40 

24760 

49 20 

70 


159 20 

282 00 

122 80 

69 


158 84 

23020 

71 36 

69 ! 


102 76 

13726 

34 50 

69 


154 40 

21640 

62 00 

68 


148 00 

19800 

5000 

67 


3120 

75 60 

4440 

64 


15 20 

72 40 

5720 

63 


8 80 

3400 

25 20 

61 

t A very exceptional 

40 56 

7620 

3564 

5 9t 

control 


I 


— ^TABLE 2 — (Continued) 

DILUTE NORMAL URINES 


141 75 

15008 

8 33 

69 

The drug seems to be- 

11175 

120 00 

825 

69 

gin to be excreted 

47 95 

62 91 

1496 

6 55 

very soon and to 

63 92 

7616 

1224 

65 I 

be present in the 

49 58 

5928 

9 70 

65 

urine in appreciable 

50 80 

6600 

1520 

65 

amount for at least 

51 48 

59 04 

7 56 

645 

four hours 

31 20 

3880 

760 

64 

The urines ja this table 

22 94 

30 42 

748 

635 

are too dilute to 

33 75 

41 25 

7 50 

63 

give tests for the 

19 20 

3160 

1240 

63 

drug 

19 50 

27 06 

7 56 

625 


37 92 

52 33 

14 41 

60 


12 00 

22 00 

10 00 

60 



— TABLE 3 — (Continued) 

LESS DILUTE CONTROL URINES 


172 00 

1 

244 40 

72 40 

71 


135 42 

185 82 

5040 

71 1 


8 80 

34 00 

25 20 

61 


40 56 

7620 

35 64 

5 9* 

* A very exceptional 
control 
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The citrates and acetates of sodium and potassium are converted in 
the body into bicarbonate, so that their efifect on the urine should be 
the same as that of sodium bicarbonate It seemed advisable, however, 
to test sodium citrate experimentally so as to make sure of the effec- 
tiveness of this class of salts 

While conducting a research on atophan, its uiic acid solvent 
power was determined incidentally, although there was no reason to 
suppose that it belonged to the class of unc acid solvents I take this 
occasion to report the results The urines from eight persons (twenty- 
four-hour samples) were of low enough acidity to lead to the expecta- 
tion that they might dissolve extra uric acid Their content of uric 
acid ranged from 80 to 132 mg in 100 c c Only one of the urines 
took up any uric acid, however, this had an acidity of 6 8 and dis- 
solved 46 mg , which was less than a normal urine of that acidity 
would be expected to dissolve The indications <ire, therefore, that 
atophan ma}^ interfere with the solvent action of the urine 

The urines reported in the tables were all from normal individuals 
They are not as numerous as we had hoped to secure, since few per- 
sons were willing to take these drugs - Hospital urines were not 
obtainable 

The methods used m the present investigation were identical with 
those reported in the paper on hexamethylenaniin The results of 
our work are given m the tables where comparison is made of the uric 
acid dissolved by the drug urines with that dissolved by normal urines 
of similar acidity and concentration In interpreting our results we 
take It for granted that the drug urine must show distinctly greater 
solvent power than the control normal urines, in order to permit us to 
argue that the drug plays any part in the solvent action 

The figures for uric acid are given as milligrams m 100 c c of urine “Uric 
acid content” means the amount present m the urine as passed “Total uric 
acid means the amount present m the filtrate after shaking the urine with pure 
unc acid for twenty minutes at 37 C The difference between these two is the 
uric acid dissolved ” This last is the index of the solvent power of the urine 

In the cases in which more than one dose of the drug was taken, the time 
interval for secretion of the urine was calculated from the tune of taking the 
last dose 

In Table 9 the acidity figures are those of the phosphate mixture (NaHsPOi 
and Na:HP04 mixed as in urine) before any drug was added The drugs 
rendered the solutions alkaline In Table 10, on the other hand, the acidity 
figures are those of the solutions of the drugs 


2 The author wishes to express his gratitude to those, students and others, 
who did assist him so materially in this respect, foremost among whom were 
Dr P J Hanzlik, Dr R J Collins and C J Friedman The assistance of 
Mr Friedman in all the work of the research was invaluable 
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In connection with Table 8, attention must be called to the fact that the 
urines of the same acidity are not different urines but portions of the same 
urine The effect of the drugs in changing the reaction of the urine is of suf- 
ficient interest to report (Table 11) 

COMMENT ON THE TABLES 

In the case of the dilute urines (Tables 2 and 4) after taking 
piperazm and lysidin, the results are not significant, possibly because 
dilution of the drug reduces its effect so that no conclusion as to 
solvent action can be drawn 

In Table 1 are found some very striking results The first, second, 
third and fifth urines dissolved an excessive amount of uric acid, 
much beyond our expectations of what could be dissolved by any 
substance excreted into the urine The sixth urine shows a high result 
for a urine of an acidity 6 9 Even though the solvent action be due 
in part to the bicarbonate taken also, yet there can be no doubt what- 
ever that the piperazm has been excreted in sufficient quantity to exert 
a very decided solvent action 

It IS true that the 2 gm doses are extratherapeutic, but we see no 
reason why the maximum therapeutic dose should not have a distinct 
effect, at least when the urine is not dilute and is not acid in reaction 

In the case of lysidin, the two alkaline urines, the first two of 
Table 3, do not show sufficient solvent action to be able to attribute any 
of It to the drug The dosage being equal to the maximum therapeutic 
dose, we expected to secure evidence of some solvent action if there 
was enough action to be worth considering 

We knew of no way of determining whether lysidin is excreted 
either unchanged or as a dernative which could be effective as a uric 
acid solvent 

The results m Table 8 indicate that lysidin ought to be an effective 
solvent provided it is excreted unchanged and rapidly enough to give a 
proper concentration in the urine We may also add the qualifying 
statements as in the case of piperazm, that the urine should not be 
dilute nor acid in reaction 

We would not expect that the basic compounds, piperazm and 
lysidin, could show any solvent action m acid urines, yet several sur- 
prising results are to be found m Tables 1 and 3 The eleventh urine 
in Table 1, of 6 2 acidity, took up 420 mg of uric acid, a result which 
is quite remarkable Several more acid urines showed distinct solvent 
power beyond w hat we ha^ e ever secured v ith normal urines of those 
acidities These are the last urine of Table 1 (5 8 acidity. 86 mg dis- 
solved), and the fifth (5 85 acidity, 73 mg dissohed) and seventh (5 8 
acidity, 45 mg dissohed) urines of Table 3 Our expenence %Mth 
normal urines has led us to expect no solvent action whatever if the 



DILUTE URINES AETER LYSIDIN 


TABLE 4- 


Acidity 

Dosage 

Gm 

Time 

Hours 

Uric Acid 
Content 

Mg 

Total 

Uric Acid 
Mg 

Uric Acid 
Dissolved 

Mg 

6 75 

2X2 

0 - Yi 

14 00 

12120 


6 35 

1X4 

y.-iy^ 

8 40 

52 40 


6 35 

1X4 

0 - /i 

760 

43 60 


63 

2X2 

371-5 

10 80 

42 80 


62 

1X4 

17.-272 

8 40 

62 00 

53 60 

61 

1X2 

0 - 7t 

760 

58 00 

50 40 

60 

1 

0 - Yi 

10 80 

59 60 

48 80 

60 

1X4 

272-4 

9 20 

43 60 

34 40 

60 

2 

2 -3 

920 

26 00 

16 80 


TABLE 5 — Urines Aeter Administration oe Alkalies— 


LESS dilute urines At TER LITHIUM CARDONATI 



Dosage 

Gm 


Uric Acid 

Total 

Uric Acid 

Aciditj'' 

Drug 

Content 

Uric Acid 

Dissolved 

Mg 

Mg 

Mg 

70 

t 

LljCOa 

50 80 

176 40 

125 60 

6 85 

t 

LhCOa 

29 20 

142 00 

112 80 


TABLE 6 — 

DILUTE URINES AITER LITHIUM CARBONATE 


76 

j 1 

10 

LuCOa 

15 40 

244 34 

228 94 

72 

10 

LlaCOa 

19 33 

421 52 

402 19 

715 

0 5X2 j 

Ll-'CCa 

12 40 

114 80 

102 40 

70 


LlsCOa 

18 40 

136 50 

118 10 

6 95 


L 12 C 03 

12 40 

21480 

202 40 

695 


L 12 C 03 

13 20 

15960 

146 40 

695 


LuCOa 

1160 

145 20 

133 60 

69 


LlaCOa 

920 

142 00 

132 80 


TABLE 7 — 


1 1 SS DILUTE URINES AFTER SODIUM SALTS 


76 

4 

NaHCOa 

13 80 

29694 

283 14 

73 

4 

NaHCOa 

96 55 

446 55 

350 00 

73 

4 

NaHCOa 

105 00 

360 75 

255 75 

73 

3 

Sod citrate 

70 50 

283 87 

213 37 

73 

3 

Sod citrate 

12924 

313 85 

184 61 

725 

3 

Sod citrate 

56 00 

22720 

171 20 

725 

3 

Sod citrate 

72 00 

222 26 

150 26 

72 

2 

' NaHCOa 

55 50 

279 00 

223 50 

72 

3 

Sod citrate 

52 02 

218 94 

166 92 

715 

1 3 

Sod citrate 

27 00 

210 41 

183 41 

71 

1 ^ 

Sod citrate 

30 57 

I 

19788 

167 31 
























ABLE 4 — (Continued) 


DILUTE NORMAL URINES 


(Jnc Acid 
Dissolved 

Mg 

Total 

Uric Acid 
Mg 

Uric Acid 
Content 
Mg 

83 00 

91 25 

825 

48 75 

6840 

1965 

22 94 

3042 

748 

33 75 

41 25 

7 50 

7 20 

22 80 

1560 

37 92 

52 33 

1441 

12 00 

2200 

1000 

14 82 

25 SO 

1068 


i Acidity 

r 

Remarks 

6 75 

These drug urines are 

64 

too dilute doubtless 

6 35 

to show solvent ac- 

63 

tion due to the drug 

62 

60 


60 


595 1 



— Control Urines 

LESS DILUTE CONTROL URINES 


Uric Acid 

Total 

Unc Acid 



Dissolved 

Mg 

Uric Acid 

1 Mg 

Content 

Mg 

Acidity 

Remarks 

187 60 

240 00 

5240 

70 

1 1 5 gm in 1 L water 

131 20 

174 00 

42 80 

68 

taken m one day 


—TABLE 6— (Continued) 

DILUTE CONTROL URINES 


144 75 

154 50 

975 

73 

=*■ Urines containing bi- 

157 29 

17225 

1496 

71 

carbonate 

28314 

29694 

1380 

76=^ 


350 00 

446 55 

96 55 

73=^ 


255 75 

360 75 

10500 



118 40 

13880 

2040 

70 


105 66 

122 16 

16 50 

695 

t (As above ) 

141 75 

15008 

8 33 

69 


130 07 

139 06 

8 99 ! 

69 


111 75 

120 00 

825 

1 

1 

69 



-TABLE 7— (Continued) 


LESS DILUTE CONTROL URINES 





1 

All of these urines 





showed presence of 


1 



bicarbonate 

^ 188 50 

234 34 

4584 

72 


188 16 

25008 

6192 

72 


' 182 04 

23836 i 

5632 i 

72 i 


172 00 

244 40 i 

7240 1 

71 : 


162 40 

20760 

4520 1 

70 I 
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acidity was as gieat as 5 8 or 5 9 and the urine was not dilute The 
control urine given in Tables 1 and 3, 5 9 acidity 40 mg dissolved, 
stands out as the sole (and unexplained) exception 

We have no explanation to olTei as to how it is possible for piper- 
azin and lysidin to show unc acid solvent power in these acid urines, 
but we can not avoid the conclusion that these resuHs are very striking 
evidence that such solvent power exists 

Although we admit that lysidin may impait to the urine solvent 
properties due to the drug, we do not consider it practical to use it, 
because of the enoimous dosage that would be necessary in order to 
secure pronounced effects comparable to the effect of piperazm 

Piperazm, however, would seem to be especially suitable for secur- 
ing an intense uric acid solvent action, provided very large doses are 
given for a short time, together with sodium citrate or bicarbonate (so 
that the urine is alkaline) 

The acid urines which we obtained after administration of alkalies 
are not reported in Tables 5, 6 and 7 for the following reason The 
fact that the urine remains acid shows that the alkali has been neutral- 
ized m the body and is being excreted m the form of a salt The only 
chance for the alkali increasing the solvent power of the urine in such 
a case would be by causing an increase m the amount of monohydrogen 
phosphate, and such increase would ha\ e but a moderate effect, result- 
ing in no greatei uric acid solvent power than could be duplicated by 
normal urines 

A massive uric acid solvent action, however, is shown by some 
alkaline urines, probably because they bung about colloidal solution 
of the uric acid Schade and BodeiP secured colloidal solutions of 
uric acid by using aqueous solutions of alkalies Such an action is 
shown apparently by the second urine of Table 6(7 2 acidity, 402 mg 
dissolved) This is the only significant result with lithium carbonate 
The solvent action is greater than we have secured with urines ren- 
dered alkaline by giving sodium bicarbonate or citrate Having 
secured toxic symptoms in two persons taking lithium, we did not 
attempt to use very large doses nor to give it to many individuals We 
are certain that lithium carbonate is not effective in smaller doses than 
those used by us There is no real reason for giving it, since it is 
much safer to use the sodium salts 

Table 7 shows that the sodium salts give a sufficiently marked and 
a very reliable uric acid solvent action, whenever they have rendered 
the urine at least faintly alkaline We can not see why any other 
drugs should ever be chosen in preference to them 


3 Schade and Boden Ztschr f physiol Chem , 1913, Ixvxin, 347 



TABLE 8 — Effect or Drugs Added to Urine 


Acidity 

Drug 

Added 

Per Cent 
of Drug 

1 

Control 
Uric Acid 
Dissolved 
(No Drug) 
Mg 

Uric Acid 
Dissolved 
(After 
Drug Was 
Added) Mg 

Excess of Unc 
Acid Dissolved 
Due to the 
Added Drug 
Mg 

50 

Piperazm 

0680 

000 

233 32 I 

233 32 

624 

Piperazin 

0125 

19 50 

9984 

80 34 

60 

Piperazm 

0132 

2730 

103 74 

76 44 

58 

Piperazm 

0 085 

1900 

4712 

28 12 

58 

Piperazm 

0142 

1900 

78 28 

59 28 

58 

Piperazm 

0170 

1900 

8512 

6612 

58 

Piperazm 

0200 

1900 

103 36 

84 36 

58 

Piperazm 

0230 

1900 

120 08 

101 08 

58 1 

Piperazm 

0 260 

1900 

152 76 

133 76 

60 

Lysidm 

0 050 

2730 

6084 

33 54 

60 

Lysidm 

0100 

27 30 

99 06 

71 76 

60 

Lysidm 

0200 

2730 

18642 

159 12 

50 

Lysidm 

1000 

000 

129 96 

129 96 

50 

LuCOs 

0157 

000 

245 48 

245 48 

50 

NaHCO. 

1000 

000 

288 80 

288 80 


TABLE 9 — Effect or Drugs Added to Phosphate Solution 


68 

Piperazm 

i 

0 500 

12000 

274 00 


68 

Piperazm 

1000 

12000 

51140 


68 

Li'COs 

0168 

13824 

340 40 



TABLE 10 — Effect or Drugs Added to Water 



1 

Piperazm 

0 50 

84 

25080 

242 40 

725 

Piperazm 

0 65 

84 

541 80 

533 40 


Piperazm 

100 

84 

527 60 

519 20 

74 

Lysidm 

100 

84 

455 92 

447 52 

74 

LisCOs 

016 

84 

503 80 

495 40 

725 

NaHCOs 

100 

\ 

84 

484 80 

476 40 


TABLE 11 — ^Acidit\ of the Urine as ArrECTED by Drugs 


Before the 
Drug 

After the 
Drug 

i 

Drug Used 

Per Cent 

50 

74 

Piperazm 

068 

50 

71 

L} sidin 

10 

50 

71 

LhCO. 

0157 

SO 

68 

NaHCO. 

10 

58 

60 

Piperazm 

0085 

58 

625 : 

Piperazm 

0142 

58 

6 55 

Piperazm 

017 

58 

685 

Piperazm 

020 

5 8 

6 95 

Piperazm 

023 

58 

1 72 

1 

Piperazm 

1 

1 

026 
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We called attention in the pieviotis paper to the favorable effect 
of dilution of the urine Probably the greatest total solvent action 
would he secured by combining diuiesis from heavy drinking of water 
with the alkalization of the urine by sodium bicarbonate or citrate 

Whenever normal urine becomes alkaline and it contains a con- 
siderable concentration of metal ions as a result of the diet, it will 
show marked uric acid solvent action, exactly as it would if sodium 
bicarbonate had been taken and for the same reason Blatherwick'* 
has also observed this fact We have found that normal alkaline 
urines always contain bicarbonate as well as the alkaline urines passed 
after taking sodium citrate or bicaibonate 

CONCLUSIONS 

1 Piperazm can cause the urine to dissolve more uric acid than it 
would without the drug, and this effect is most marked if sodium 
citrate or bicarbonate be also given and if diuresis be avoided 

2 Lysidin can act as a uric acid sohent but is not a practical 
therapeutic agent because of the large doses required 

3 Lithium carbonate is a uric acid solvent if large enough doses 
are used, but is unsafe and possesses no advantage over sodium citrate 
or bicarbonate 

4 Sodium citrate and bicarbonate are reliable and satisfactory uric 
acid dissolving agents when given in such dosage as to keep the urine 
alkaline 

761 Lovejoy Street 

4 Blatherwick, N R The Archives Int Med, 1914, xiv, 409 



SEROLOGIC EXAMINATIONS IN A CASE OF 
POLYCYTHEMIA^ 


HUGO A FREUND, MD 

AND 

WALTON K REXFORD, MD 

DETROIT 

Recently Lucas^ in an exhaustive article on erythremia reviewed the 
literature in a comprehensive manner, adding two new cases to the 
series It is apparent that a greater number of cases of polycythemia 
with chronic cyanosis and with or without splenomegaly are being 
recognized 

Among the various theories advanced as to the cause of erythremia, 
the one originally suggested by Rendu and Widal," and later amplified 
by Osier® and Weber, ^ ascribes the changes that take place to unusual 
erythropoietic activities Pathological findings have, in a measure, 
substantiated this explanation, though Saundby and RusselP describe 
noimal bone marrow findings m their case If we are to accept this 
view of primary excessive formation of red cells in the bone marrow, 
we have an analogy to myelogenous leukemia, in which the leukoblastic 
activity dominates the picture In contrast stands this notable feature 
of erythremia — the absence of erythroblasts in the circulating blood 

The theory advanced by Belonovsky,® that the enlarged spleen 
elaborates a small amount of hemolysin, enough to excite a hyperac- 
tivity of the bone marrow and thereby raise the total number of red 
cells, as well as the hemoglobin, has also many facts to substantiate it 
The occurrence of some cases of idiopathic polycythemia without 
splenomegaly, as m this instance, leaves us to seek another source of 
toxin that might have such limited hemolytic activity 

A theory that has had numerous supporters and positive reports 
to substantiate it has ascribed an increased resistance to hemolysis to 

* Submitted for publication Dec 22, 1915 

1 Lucas, Walter S The Archives Iat Med, 1912, x, 597 

2 Rendu and Widal Bull Soc med d hop, Series 3, 528 Quoted from 
Osier’s article in the Am Jour Med Sc, 1903, cxxm, 187 

3 Osier, W Bull Johns Hopkins Hosp, 1903, xix, 91, also, Am Jour 
Med Sc, 1903, cxx\i, 187 

4 Weber, F P Proc Ro} Soc Med, London, 1908-09, also, Intcrnat 
Clin , 1905, n , 47 

5 Saundbi and Russell Lancet, London, 1902, i, 515 

6 Belono\sk 3 Quoted from Lucas’ uork See Note 1 
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the erylhiocytes Guinon, Rist and Simon* slate that the led 
cells of their patient resisted hemol)sis Parkcs Weber** reports one 
case with the resistance to heinoljsis about normal 

This patient presented the opportunity foi a careful serologic study 
This was undertaken with the view of determining the following 
questions 

1 The resistance of polycytlicmic cells to hemolysis 

2 The possible presence of antihcmolysm or anticomplementary 
substances 

3 The presence of complement in the polycythemic serum 

4 A comparison of complements fiom the serum of known normal 
individuals and the polycy themic serum 

5 The fragility of the polycythemic cells 

The patient on vhom tins study was made presented himself for examina- 
tion in September, 1912, and has been under almost constant supervision since 
Like several previously reported cases this man wms a Russian Jew% an 
interesting fact perhaps in the etiology This patient’s blood count on the first 
examination was hemoglobin, 123 per cent, Sahli Red blood cells, 7,920,000, 
white blood cells, 6,900 Differential counts showed nothing abnormal No 
nucleated forms or myelocytes w'cre seen The urine w'as normal The patient 
did not react to tuberculin The Wassermann w'as negative Heart and lungs 
w'ere normal and there w'as no evidence of glandular enlargement The 
spleen could not be palpated on deep breathing Blood pressure, 140 systolic, 
80 diastolic Roentgenograms of the heart and mediastinum negative 

One of the first things observed m comparing the polycythemic 
blood with normal blood is the difiference m serum and cellular content 
Equal quantities of polycythemic and of normal blood were compared 
It was found that the polycythemic patient’s blood yields but one-half 
the amount of serum that the normal does 


PROTOCOL 1 


Complement, 
c c * 

Amboceptor, 

cc t 

One Per Cent 
Suspension 
Normal Human 
Cells, c c ♦ 

1 

Eesult 

06 

i 05 1 

1 

Complete hemolysis 

05 

1 ' 

05 

1 

Complete hemolysis 

04 

05 

1 

Partial hemolysis 


* 10 per cent guinea pig serum 
t 1 unit = 0 007 e c Dilute to 0 5 c c 

t Normal saline to 2 5 c c , incubate at 37 5 C SO minutes 


Protocol 1 —Preliminary titer showing the amount of 10 per cent guinea- 
pig complement required to produce complete hemolysis of 1 c c of a per 
cent suspension of normal human red cells 

7 Guinon, Rist and Simon Bull et mem Soc d hop de Pans, 1904, 
XXI, 786 
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PROTOCOL 2 


Oomplement, 

cc* 

Amboceptoi, 
c c t 

One Per Cent 
Suspension 
Polycythemic 
Cells, c c t 

Result 

06 

05 

1 

Complete hemolysis 

0 55 

05 1 

1 

Complete hemolysis 

05 

05 

1 

Complete hemolysis 

0 45 

05 

1 

1 

Partial hemolysis 

04 

05 

1 

Partial hemolysis 

0 35 

05 

1 

Slight hemolysis 


* 10 per cent guinea pig serum 

■t 1 unit = 0 007 c c Dilute to 0 5 c c 

i Normal saline to 2 5 c c , incubate at 37 5 0 SO minutes 


Protocol 2 — Using 1 c c of a 1 per cent suspension of polycythemic red 
blood cells with varying amounts of the complement dilution we find 0 5 c c 
of complement produces complete hemolysis as in Protocol 1 This shows 
that the polycythemic cells are not unusually resistent to hemolysis 

PROTOCOL 3 


Oomplement, 
e P* 

Amboceptor, 

cct 

Polycythemic 
Serum, cct 

One Per Cent 
Suspension 
, Polycythemic 
Cells, c c § 

, Result 

06 1 

05 

0 25 

1 

Complete hemolysis 

05 

05 , ! 

0 25 

1 

Complete hemolysis 

04 

05 

025 

1 

Partial hemolysis 


* 10 per cent guinea pig serum 
t 1 unit = 0 007 c e Dilute to 0 5 e c 

i Double amount required for hemolysis Inactivate at 50 0 SO minutes 
§ Normal saline to 2 5 c c , incubate at 37 5 O 30 minutes 

Protocol 2 — ^The addition of relatively large amounts of polycythemic 
serum which had been inactivated at 56 C for one-half hour did not inhibit 
the hemolysis of the polycythemic cells 


PROTOCOL 4 


Complement, 
Polycythemic 
Serum, 
e c 

Amboceptor, 
e c * 

One Per Cent 
Suspension 
Polycythemic 
Cells, cct 

i 

Eesult 

0 03 

i 

05 

i 

1 

j • 

No hemolysis 

0 06 i 

* 05 

1 

Partial hemolysis 

0 09 

05 

1 

Complete hemolysis 

012 

05 

1 

Complete hemolysis 

018 

05 

1 

Complete hemolysis 


• 1 unit = 0 007 c e Dilute to 0 5 c c 
t Normal saline to 2 5 c e Incubate at 37 5 O 30 minutes 
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rROTocoi 5 


Complement, 
Polycytiiemlc 
berum, 
c c 

Amboeeptor, 
c c * 

One per Cent 
btispen'slon 
Normal Human 
Cells, c c t 

i 

Result 

0 03 

05 

1 

No hcmolj'is 

0 0(3 

05 

1 

Partial hemolysis 

000 

05 

1 

Complete hcmol>«ls 

012 

05 

1 

Complete hemolysis 

018 

05 

1 

1 Complete hemolysis 


* 1 unit = 0 007 c c Dilute to 0 5 c c 
t Snlino to 2 5 c c Incubntc nt 37 5 C SO minutes 


Protocols 4 and 5 — Comparison of Protocols 4 and 5 shows that equal 
amounts of normal human and poljc>themic red cells require equal amounts 
of polycjthcmic serum used as complement to produce complete hemolysis 


PROTOCOL 6 


Case A, 
Complement, 
Normal 

Serum, c c j 

‘Vinboceptor 
c c * 

One Per Cent 
Suspension 
, Normal 

j Colls, c c t 

Result 

1 

0 03 1 

0 5 

1 

1 

No hemolysis 

OOG 

05 ' 

1 

1 Partial hemolysis 

0 09 

05 

1 

1 

j Complete hemolysis 

012 

j 05 

1 

1 Complete hemolysis 

* 1 unit =: 0 007 c c Dilute to 0 
t Saline to 2 5 c c Incubate nt 37 

5 c c 

3 C 30 minutes 


Case A, 

Complement, j 
Normal 
Serum, c c t 

Amboceptor, 
c c * 

1 

One Per Cent 
Suspension 

1 Polycythemic 
Cells, c c t 

Result 

0 03 

05 

1 

No hemolysis 

006 

05 

1 

Partial hemolysis 

0 09 

05 

1 

Complete hemolysis 

012 

05 

1 

Complete hemolysis 


* 1 unit = 0 007 c c Dilute to 0 6 c c 

t Saline to 2 5 c c Incubate at 37 5 O 30 minutes , ^ 

i The above was repeated using- serum of foui other healthy adults and gave men 
results 

Protocol 6 — The serum of healthy normal adults was taken and used as 
complement for comparison with the polycythemic serum The complemen 
contained m normal serums hemolyzed normal red cells and polycythemic ce s 
in the same quantities and at the same rate as did the complement containe 
in the polycythemic serum 
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PROTOCOL 7 


Per cent saline solution*^ 

01 

02 

03 

04 

05 

06 


4 

6 

6 ! 

7 

75 

8 

9 

10 

Complete hemolvsis 

+ 

+ 

+ 









+ 

± 

1 -f 

1 

+ 

Slight hemolysis 


i 

1 


+ 





± 

+ 

+ 



! 


No hemolysis 

1 





'h 

++ 

+ 


! i 


1 j 

I 

i 

t 



* The above results rvere obtained using polycythemic and normal red blood cells 


In all the hemolytic experiments a 1 per cent suspension of washed 
corpuscles taken from a normal healthy adult was used The quantity 
used throughout all the work was 1 cc The normal red cells and 
the polycythemic cells were centrifugalized at the same speed and for 
equal periods of time, thereby making certain that both suspensions 
were of equal strength The amboceptor unit was 0 007 cc diluted 
so that 0 5 c c of the dilution was equal to one unit 

FRAGILITY EXPERIMENTS 

For the purpose of determining whether or not the red blood cells 
of the polycythemic patient were more or less resistant than normal 
individual’s cells to hypertonic and hypotonic saline solution, the fol- 
lowing tests were carried out Blood from the polycythemic and normal 
individual was removed from the median basilic vein and mixed with 
an equal volume of 2 per cent citrate solution Two drops of each 
were then placed in the saline solutions of varying dilutions with results 
as indicated in Protocol 7 It is evident from this test that the cells 
of the polycythemic patient are neither more nor less fragile than the 
cells of the control individual 

CONCLUSIONS 

' 1 Quantitatively the polycythemic patient has approximately one- 
half the amount of complement that a normal adult has 

2 Qualitatively the complements from the polycythemic patient and 
from normal adults are of equal potency 

3 The polycythemic serum contains no anticomplementary bodies 

4 The polycythemic red cells are neither more nor less fragile than 
red cells from normal adults 

5 Potycythemic and normal red cells are equally resistant to 
hemolysis 



ON THE TOXICITY OF VARIOUS COMMERCIAL 
PREPAR^VTIONS OF EMETIN 
HYDROCI-ILORID 

R L LEVY, MD, AND L G ROWNTREE, MD 

BALTIMORE 

In View of the widcspiead use of emetin hydrochlond in the treat- 
ment of amebic d3'sentery and of p3'orrhea alveolaris, more precise 
knowledge of the toxicit3' of the commercial preparations employed is 
highly desirable The following case reports forcibl3^ emphasize this 
fact 

Case 1 — I B (Med No 33209), white, male, aged 56, a native of 
Baltimore, was admitted to the surgical service Oct 12, 1914, complaining of 
an “ulceiatcd rectum*’ Fifteen years previousl> he had had a chancre, followed 
by a secondary eruption For the past six years there had been alternating 
periods of diarrhea and constipation, with blood in the stools at times 

Exavnnahon — On examination, there was found slight enlargement of the 
heart to the left, a soft systolic murmur at the apex and some impairment of 
the percussion note over the manubrium The systolic pressure was ISO mm 
Hg, diastolic, 70 The urine was negative The blood showed red blood 
corpuscles, 5,720,000, white blood corpuscles, 7,350, hemoglobin (Salih), 92 per 
cent The differential count was normal The Wassermann reaction ivas 
positive Actively motile amebas were found in the stool, and October 20 the 
patient was transferred to the medical service with a diagnosis of lues and 
amebic dysentery 

At this time the stools contained a few pus cells and a little mucus, but 
repeated examinations revealed no amebas Sigmoidoscopic examination showed 
no ulceration or bleeding points , 10 cm from the anus there were two small 
scars, probably of healed erosions There was a considerable number of small 
internal hemorrhoids 

During the first three weeks of his stay in the hospital the patient was 
having only one or two stools daily November 5, however, diarrhea developed, 
on the fifteenth he had eleven bowel movements No amebas were found 

Treatment and Course — November 17, subcutaneous injections of emetin 
hydrochlond were begun Three times a day, from the seventeenth to the 
twenty-fifth, inclusive, the patient received Vz grain, on the twenty-sixth and 
twenty-seventh, % gram, and from November 28 to December 5, inclusive, 

Vz grain A few days after beginning the emetin treatment the number of 
stools became less The improvement, however, was only temporary, and on 
November 26 there were nine, and December 3, eighteen stools in the twenty-four 
hours It IS noteworthy that December 10, five days after the emetin was dis- 
continued, the diarrhea permanently ceased 


* Submitted for publication Nov 22, 1915 

*From the Medical Clinic of the Johns Hopkins Hospital 

* Eight of the ten original tracings accompanying this article were lost 
by the engravers The records appearing m Figures 1, 2, 3, 4, 5 and 8 have 
been supplied by the authors m this emergency They do not illustrate the 
various points brought out in the paper as satisfactorily as did the originals, 
inasmuch as they represent tracings which had previously been discarded 
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December 4, a trace of albumin and a few granular casts appeared in the 
urine Gastric analysis showed slight subacidity 

December 8, the phthalein excretion was 18 per cent in two hours Two 
days later, the nonprotein nitrogen of the blood was 112 mg per 100 cc , the 
urea nitrogen, 92 mg Sellards’ test^ revealed the existence of a high grade 
acidosis 

The amount of albumin m the urine gradually increased, and December 11, 
(four days before death) blood appeared The patient was now slightlj 
dyspneic and complained of nausea and pain m the umbilical region On the 
fourteenth, the pulse was weak and rapid, the breathing was of the Cheyne- 
Stokes variety and coarse rales were heard throughout the chest The leuko- 
cytes had risen to 14,600 The systolic blood pressure, which before had ranged 
from 150 to 190 mm Hg, had fallen to 95. 

December 15, after a period of marked dyspnea, the patient collapsed and 
died 

The lipase content of the blood obtained at necropsy was 1 4 per cent 

NECROPSY REPORT (dR H N STEVENSON) 

Anatomical Diagnosis — Syphilitic aortitis, chronic aortic endocarditis, dila- 
tation of the heart, chronic passive congestion of the viscera, arteriosclerosis, 
chrome indurative colitis, healed tuberculosis of the lung and hilic glands, 
bronchopneumonia 

Abstract of Notes — Lungs Diffuse bronchopneumonia Liver Lobulation 
distinct, irregular patches of congestion, no focal areas of necrosis Micro- 
scopically, the lobulation is well defined, the cells in the periportal zones are 
large and granular Cells in central portion of lobules are atrophic and widely 
separated by congested capillaries Spleen Not enlarged, shows congestion 
Kidneys Weight, 150 gm each Cortex about 5 mm in thickness Stnations 
somewhat irregular and slightly distorted Glomeruli indistinctly seen as minute, 
reddish, translucent dots of irregular intensity Pyramids show slight con- 
gestion Pyramidal stnations are regular Pelvis of each kidney shows some 
ecchymoses Microscopically, the arteries show slight intimal thickening There 
are a few ill-defined areas in the cortex where there is slight increase in inter- 
stitial tissue, and a few areas of round cell infiltration Duodenum Lymphoid 
elements slightly hyperplastic No ulceration Ileum Slight flushing of 
mucosa in its lower portion Laige Intestine The lumen is of the usual cir- 
cumference The mucosa is everywhere uniform in appearance, there being no 
erosions or ulcerations It is of a uniformly pale gray, almost white, color, and 
the folds of the mucosa are indistinct The mucosa gives the impression from 
its consistence of being thicker than normal The mucous membrane of the 
" rectum is slightly flushed, and microscopically shows, marked infiltration by 
connective tissue and round cells 

Summary — A man weighing 153 pounds (69 5 kg) received, 
daily, subcutaneous injections of emetin hydrochlorid over a period of 
twenty days The average daily dose was 1%. grains (90 mg ),^ or 
1 3 mg per kg In toto, he received 29 grains (1 74 gm ), or 25 mg 
per kg 

A previously existing diarrhea was at first apparently somewhat 
ameliorated, then markedly intensified On the sixteenth day of treat- 

1 Sellards, A W Bull Johns Hopkins Hosp, 1914, xxv, 101 

2 Throughout this paper 1 grain is regarded as the equivalent of 60 milli- 
grams, inasmuch as the dosage of the commercial preparations is calculated on 
this basis 
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meni the patient complained of nausea and abdominal pain Albumin- 
uria and cylmdruria appeared and gradually increased Finally there 
was evidence of acute renal insufficiency, with blood in the urine and 
diminution m the ’phthalein output, along with an increase in the non- 
protein nitrogen of the blood There as marked acidosis, as evidenced 
by the positive Sellards test Bronchopneumonia and vasomotor 
collapse terminated the picture 


CAsn 2 — A G E (Med No 33818), a white woman, aged 31, was admitted 
to the medical service, March 4, 1915, complaining of attacks of nervous sick 
headache These attacks, wdiicli she had had since childhood, presented all the 
essential features of migraine Pigmentation of the arms after exposure to the 
sun, and occasional attacks of diarrliea following indiscretions in diet, had sug- 
gested to her physician the possibility of pellagra, hut no evidence was found 
in support of this diagnosis 

Eravitiiaiiou — On examination, she was seen to be a thin, pale woman with 
well-marked pjorrhea alveolaris and gingivitis The blood show'ed a profound 
secondary anemia Repeated examinations of the stools revealed no ova or 
parasites, even after the administration of vermifuges The gastric analysis 
was normal A faint trace of albumin noted in the urine on the first examination 
soon disappeared No casts were observed 


Ticatmeut and Course — At the suggestion of the dental department, Vs gram 
of emetin h 3 'drochlorid was administered subcutaneously each day for four 
days, beginning April 2 April 3 the patient had a slight chill, followed by an 
elevation of temperature to 101 April 4 a distressing diarrhea began, there 
were ten bowel movements during the night She complained of aching all 
over, of pain in the back and abdomen, and of tenesmus The stools at this 
time contained large numbers of leukocytes and a few red blood cells No 
amebas were found The leukocytes rose to 13,800 During the following six 
days there were from fiv'e to ten stools in the tvventj'-four hours, all containing 
pus and blood April 9, albumin reappeared in the urine April 11, six days 
after discontinuing the emctin, the diarrhea promptly stopped, and did not 
recur during her staj' m the hospital The albuminuria also disappeared 

Stool cultures, pelvic and protoscopic examinations were negativ^e Following 
the onset of the diarrhea, a toxic delirious state developed, with great mental 
confusion and vnsual and auditory hallucinations, necessitating the transfer of 
the patient to the Phipps Psychiatric Clinic In the course of a week the 
psychosis cleared up, and she was discharged mentally and physically much 
improved 

A letter from her husband received July IS states that “she is in better 
shape than she has been for twelve j'ears, she weighs 110^^ pounds more than 
she has ever weighed in her life ” , 

A second letter was received, October 1, saying that save for an occasiona 
attack of migraine, and a feeling of weakness on exertion, the patient was 
doing well 


Summary — An anemic, undernourished woman, weighing 95 
pounds (43 2 kg ), received subcutaneously ^ gram of emetin hydro- 
chlorid daily for four days An intense diarrhea developed, 
associated with abdominal pain and tenesmus, which ceased six days 
after discontinuing the emetin treatment At the same time she was 
in a toxic delirious state, which lasted for one week She recovered 
rapidly and left the hospital much improved 
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The daily dose of emetin was % gram (30 mg ) or 0 7 mg per kg 
Two grams (120 mg ) were given m toto, or 2 77 mg per kg 

The symptoms here following emetin administration were quite out 
of proportion to the moderate dosage employed, and the particular 
preparation was suspected of being unusually toxic Accordingly, a 
dog weighing 10 5 kg was given 10 mg subcutaneously daily for three 
days On the third day a bloody diarrhea set m and the animal died 
on the same day At necropsy, an extensive hemorrhagic gastro- 
enteritis was found This dog received daily 1 0 mg per kg , or, m 
toto, 3 mg per kg — approximately the same relative dosage as had been 
given to the patient It will be seen from the experimental observa- 
tions which follow that this particular preparation of emetin was 
decidedly more toxic than usual 

EXPERIMENTS ON ANIMALS 

Studies were made on sixty-two animals, the series comprising 
dogs, cats and rabbits Five commercial preparations of emetin hydro- 
chlorid were investigated Burroughs Wellcome & Co , (ampoules) ; 
Ell Lilly & Co , (ampoules) , Merck & Co , (crystals) , Parke, Davis 
& Co , (ampoules), and Sharp & Dohme, (hypodermic tablets) 

Injections were made m part subcutaneously, m part intravenously 
The points particularly observed were (1) toxicity, (2) effects on 
the circulation and respiration, (3) pathological changes, (4) effect 
on the coagulation of the blood, (5) effect on renal function and the 
development of acidosis 

1 Toxicity A Subcutaneous Injections — (See Table 1) Dogs 
receiving single small injections of 10 mg (1 to 2 mg per kg ) show 
no appreciable reaction Repeated daily injections of 10 mg cause 
death (usually with gastro-enteritis) m from three to fifteen days 
(average, seven to ten days) Either there is an actual cumulative 
action of the drug or an altered tissue response on the part of the 
animals 

Larger single subcutaneous injections of 30 to 45 mg (3 to 5 mg 
per kg ) cause death in from two to five days The same gastro- 
intestinal lesions are found at necropsy 

Cats tolerate larger doses Daily injections of from 2 to 5 mg per 
kg kill the animals m from seven to eleven days As a rule, the 
anatomical lesions present are exceedingly slight The results in kittens 
are essentially similar to those m adult cats 

In rabbits, daily doses of 5 mg (3 to 4 mg per kg ) are uniformly 
fatal in from five to six days As in cats, necropsy usually reveals but 
slight anatomical changes 



TABLE 1 — Subcutaneous Injections 
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Diiferences in the time necessary to kill are dependent in part on 
variations in toxicity of the preparations used, and in part, perhaps, on 
varying degrees of resistance to intoxication of individual animals 
Whatever the cause, these variations are extreme In dogs, for 
instance, a total dosage of 3 mg per kg of the most toxic preparation 
given subcutaneously killed within three days, whereas, 19 mg, per kg 
of another commercial preparation required eleven days In cats, 14 
mg per kg (total dosage) of one preparation caused death in three 
days, whereas, 29 mg per kg of another killed only after seven days 
For immediate death following intravenous administration, 4 mg per 
kg m one instance, and 18 mg per kg in another, were necessary 
The symptoms of intoxication as a rule manifest themselves two or 
three days before death There is extreme muscular weakness and 
pronounced lethargy The animals he on their sides m the cages and 
are roused with difficulty More than half of the dogs and cats vomit , 
many have numerous thin, unformed stools Some of the dogs suffer 
from a bloody diarrhea , a few have large hemorrhages from the bowel 
on the day of death Muscular tremors occur occasionally m dogs and 
rabbits Drooling from the mouth is common, especially in cats 
B Intravenous Injections — (See Table 2) The lethal single 
intravenous dose is variable (4 to 18 mg per kg in dogs, 6 to 16 mg 
per kg in cats) and is largely dependent on amount, dilution and 
rapidity of injection In exceptional instances, dogs may temporarily 
survive single injections of from 3 5 to 12 mg per kg, but death 
geneially occurs within two days 

Vedder® has found that “2 5 mg per kg intravenously is the 
minimum fatal dose for rabbits, while one rabbit died as the result of 
20 mg per kg administered subcutaneously The rabbits to which the 
drug was given intravenously died in a few seconds, apparently as the 
result of centric paralysis 10 mg per kg subcutaneously on two suc- 
cessive days IS a uniformly fatal dose for white rats ” 

2 Effects on the Cii dilation and Respiration — Kymographic 
lecords were made with the animals under ether anesthesia and electro- 
cardiograms were taken on chloretoned dogs 

The subcutaneous injection of a relatively large dose (40 mg ) m 
a dog weighing 10 2 kg caused no appreciable fall m blood pressure 
within fifteen minutes, at the end of half an hour the pressure had 
dropped from 150 mm to 100 mm Hg (See Fig 1) This was 
probably due m part to the influence of the anesthetic There was no 
change m the animal’s general condition Single smaller subcutaneous 
doses of 10 mg (1 to 2 mg per kg ) have no perceptible effects 


3 Vedder, E B Jour Am Med Assn, 1914, Ixn, 501 



TABLE 2 — Intravenous Injections 
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In slowly poisoned animals, subjects of repeated small daily sub- 
cutaneous injections (1 to 2 mg per kg), there is a marked fall in 
pressure'* coincident wutli the appearance of toxic symptoms In one 
animal of 5 5 kg wdiich received seven daily injections of 10 mg each, 
there w'as a difference of 100 mm betw'een the original measurement 
and that taken on the da) of death The pulse in the sick animals is 
rapid and small 

The effect of intravenou*; injections depends on several factors 
(1) the quantity injected, (2) its dilution, (3) the rate of injection 
and to a lesser extent (4) the preparation employed, and (5) the indi- 
vidual susceptibility of the animal 

The first of these is obvious Relatively small amounts (3 to 4 mg 
per kg ) given in small volume (5 to 10 c c ) and rapidly injected, 
cause an abrupt fall in blood pressure and death in a few minutes, heart 
and respirations stopping synchronously (Figs 2 and 3) The 
lethal efYect is due mainly to the toxic action of the drug on the heart 
muscle proper, causing an acute cardiac dilatation Whether there is 
at the same time a \asomotor paralysis is not clear The venous 
congestion of the abdominal organs suggests that this element may 
play a role 

On the other hand, wdien the emetin is w^ell diluted and slowly 
administered, tremendous doses may be well borne One dog w^eighing 
10 kg received 192 mg in 200 c c of salt solution during a thirty- 
minute period Death followed a final rapid concentrated injection 
(40 mg in 10 c c ) This animal received in all 1882 mg per kg — an 
unusually large amount 

The various commercial preparations, as w^ell as different lots from 
the same firm, vary somewdiat in toxicity (Tables 1 and 2, and Case 2) 
Baermann and Heinemann° have made a similar observation It is 
difficult to gauge accurately the extent of this variation, since animals, 
like human beings, apparently show differences in their individual 
tolerance for the drug ° 

Following the intravenous injection of a non-lethal dose there is a 
prompt fall of blood pressure of from 20 to 140 mm Hg, varying 
according to the conditions of the injection The pressure rapidly 
returns to its former or even to a higher level There may be recovery 
from alarmingly low pressures (Fig 4) 

4 The apparatus devised by Dr B B Turner was used in making thesc 
determinations (See Turner, B B, Marshall, E K, Jr, and Lamson, P D 
Jour Pharmacol and Exper Therap , 1915, vii, 129) 

5 Baermann, G , and Heinemann, H Munchen med Wchnschr , 1913, lx, 
1132 and 1210 

6 This IS exemplified by variations in tolerance to crystallin emetm (bee 
Table 1, Cats, Preparation E ) 














-Dog Weight, 10 2 kg Intravenous injection ended at first arrow VII Normal tracing VIII and IX Ventricular fibnlla- 
Spontancous resumption of normal rhythm at point indicated by second arrow Upper tracing records respirations 
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In some ot the animals a remarkable cardiac arrhythmia is observed 
There is a sudden tiansition from the normal kymographic tracing to 
one showing wide, ii regular sweeps (Figs 5 and 6) An abrupt fall 
in blood pressuie and death fiom acute cardiac dilatation may follow 
this irregularity, or the noimal tracing, at a higher level, may be 
resumed (Figs 5 and 6) Electrocai diographic studies have shown 
that this irregularity is due to a coaise type of a entricular fibrillation ' 
(Fig 7) 



Fjg 7 — Dog Weight, 86 kg Recened 2 75 gin chloretonc by stomach 
tube one hour prior to injection, 80 ing in 5 cc salt solution intravenously 
injected (9 3 mg per kg ) Electrocardiogram (taken by Dr Bridgman) shows 
transition to coarse type of ventricular fibrillation 

In order that the mechanism of cardiac death might be observed, 
median thoracotomy was done m an animal receiving intratracheal 
anesthesia There was at first generalized fibrillation of auricles and 
ventricles The auricles then ceased to contract, becoming engorged 

7 Ventricular fibrillation has been previously observed in experimental 
animals, but usually as a terminal event Levy and Lewis have produced it 
in cats by administering low tensions of chloroform vapor together with small 
intravenous injections of adrenalin chlorid (Levy, A G, and Lewis, T Heart, 
1911-12, 111 , 99) Levy, continuing these experiments, states that “spontaneous 
recovery m the cat is not infrequent , it may occur after a few seconds of 
fibrillation, or indeed after a period of one or more minutes As a general rule, 
however, the heart neither recovers spontaneously nor can it be restored to its 
normal function by any method in general use for the treatment of cardiac 
syncope, and it eventually dies from asphyxia of its tissues” (Levy, A G 
Heart, 1912-13, iv, 319) 

In human beings, fibrillation of the ventricles has occurred either as a 
terminal phenomenon (Halsey, R H Heart, 1915, vi, 67) or immediately after 
clinical death (Robinson, G C Jour Exper Med, 1912, xvi, 291) 

Lewis (Osier and McCrae’s Modern Medicine, iv, 106) states “Fibrillation 
in the ventricles is similar to the condition of fibrillation m the 

auricles , when it comes, coordinate systole in the ventricle is suspended and the 
muscle exhibits a continuous quivering and ineffective movement Its onset 
spells death In animals under experimental conditions it is of extremely com- 
mon occurrence, the circulation is immediately brought to a standstill, and the 
aniiral, after a few gasping respirations and twitching movements of asphyxial 
origin, remains perfectly quiescent” 

Hoffman (Heart, 1911-12, in, 213) has observed m a woman, recovery from 
fibrillation of the ventricles which lasted for two seconds at the end of an 
attack of paroxysmal tachycardia 
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and dilated The ventricles continued to fibnllate for a time, finally 
only the left ventricle near the apex of the heart continued in this 
fashion Fibrillary contractions persisted for five or ten minutes after 
the heart had ceased beating In several instances, especially m cats, 
the heart of the animal, studied immediately after death, continued to 
fibnllate for as long as fifteen minutes In a few, the left ventricle 
was found firmly contracted in systole, the right flabby and dilated 

There is no significant change in respiration (Figs 2 and 6) until 
just before death Then there are asphyxial gasps at long intervals 
Artificial respiration is unavailing m restoring the heart when once it 
has ceased to beat Usually heart and respiration stop practically 
synchronously (Figs 2 and 8) 

Cutting the vagi before or after the injection produced no effect in 
the response (Fig 8) 

3 Pathological Changes — In dogs, the characteristic lesion is an 
inflammation of the gastro-mtestmal tract The earliest change is 
observed in an animal acutely poisoned by intravenous injection and 
dying at the end of about an hour There is well-defined injection and 
swelling of the mucous membrane of the small intestine, especially of 
the ileum When death occurs within a few minutes the heart is found 
tremendously dilated, in diastolic standstill Where smaller quantities 
are injected intravenously, or daily subcutaneous injections are given 
over a longer period, and the animal survives for twenty-four hours or 
more, there is a severe gastro-enteritis, often hemorrhagic m character 
The mucous membrane of the intestine is swollen, its vessels are 
engorged and a mucopurulent exudate may cover portions of its sur- 
face Submucous ecchymoses are not uncommon The ileum appears 
to suffer most, although the entire gastro-mtestmal tract, “from cardia 
to anus,” is sometimes filled with a bloody, mucoid material In two 
animals several sharply-defined, punched-out ulcers were present m 
the duodenum and upper jejunum 

Micioscopically,® there is marked congestion and edema of the 
mucosa, submucosa and muscularis present similar but less marked 
changes The adjacent. mesenteric fat may be congested and swollen 

All the abdominal organs are engorged with blood The liver and 
kidneys, both grossly and microscopically, show congestion and cloudy 
swelling A few small hemorrhages are sometimes observed m the 
renal medulla In one instance the entire head of the pancreas was 
surrounded and infiltrated by extravasated blood, which under the 
microscope was seen to have forced its way between the lobules In 
this same animal there was a subcapsular hemorrhage into the cortex of 
the kidney Bronchopneumonia and pulmonar}’’ edema each were 
observed twice in association with the usual intestinal lesions 


8 We are indebted to Dr T P Sprunt for notes on the microscopic patholog) 
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In cats and rabbits, pathological changes are slight and inconstant 
There is generally some injection of the vessels of the upper portion of 
the small bowel The liver and kidneys are congested, and m slowly 
poisoned animals show cloudy swelling In one cat, hemorrhage 
occurred m the cecal region, in another there was a mild grade of 
pulmonary edema 

The tendency for rabbits poisoned by emetin occasionally to develop 
hemorrhagic pulmonary lesions has been noted by a number of previous 
observers This has been confirmed by finding m one of our animals a 
patchy, hemorrhagic bronchopneumonia with actual bleeding into the 
lung tissue Microscopically, there could be seen several points of rup- 
ture in the smaller arteries of the lung, from which blood was pouring 
into the alveoli 

4 Effect on the Coagulation of the Blood — It was noted that the 
blood of poisoned animals clotted unusually slowly and that the clot was 
nonretractile m character Several specimens of blood were examined 
by Professor Howell, who has very kindly made the following notes 

Dog 1 — ^Weight, 10 kg Given 45 mg emetm hydrochlond subcutaneously 
On the following day, profuse, bloody diarrhea and vomiting Death on third 
day Blood for examination taken on second day, collected in oxalate solution, 
plasma yellowish 

The oxalated plasma with thrombin solutions gave a clear, solid clot which 
was entirely nonretractile, having the same soft, jelly-like consistency that is 
obtained m blood to which NaiCOs has been added to distinct alkaline reaction 
This plasma, tested with neutral red, gave a reaction toward the acid side 
Under the ultramicroscope,® the clot showed no visible structure whatever, 
whereas, the normal clot shows a mass of interlacing needles or spicules 

Dog 24 — ^Weight, 14 5 kg Received 60 mg emetin hydrochlond intravenously 
Died in thirty hours with a hemorrhagic gastro-enteritis 

A specimen of blood was taken immediately after death, oxalated and centn- 
fugalized Plasma very scanty in amount (about half normal) and ^yellowish 
in color When thrombin solutions were added, clotting was slow and imperfect, 
as though fibrinogen were deficient m amount The final result was a floating 
clot 

Under the ultramicroscope some fibrin needles formed but were scanty — 
scattered needles or small clumps of needles m place of the thickly meshed 
needles of normal plasma 

5 Studies of Renal Function and Acidosi '; — Several dogs were 
used for this purpose Albuminuria occurred inconstantly in slowly 
poisoned animals There was no appreciable reduction in ’phthalein 
excretion, nor was there any nitrogen retention as evidenced by the urea 
content of the blood, even on the day preceding death As a terminal 
phenomenon, on the day of death there was noted very slight increase 

9 In this connection see article by Prof Howell Amer Jour Physiol , 1914, 
XXXV, 143 
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m the hyclrogen-ion concentration of the blood scrum, but no change 
in that of the whole blood The COo tension of the ahcolar air was 
also somewhat lowered, in one animal falling to 33 mm Hg several 
hours before death This phenomenon has been noted by Meyer and 
Wilhams^^ in experimental cmetin poisoning 

SUMMARV or PRnMOUS EXPERIMENTAL WORK ON EMETIN 

In 1817, Magcndic and Pelletier” announced that llicj' had isolated an emetic 
substance {"vtaiioc vomitive") from the plant psycliotna cmclica Tins sub- 
stance they called cinctin Tliey found that it had an emetic and purgative 
action and that it possessed marked narcotic properties when given to animals 
In order to determine the toxicity of the drug, 10 grains w’cre gnen to a dog 
Vomiting and stupor followed, and the animal died in fifteen hours “Anatomical 
examination show’ed that the animal had succumbed to a violent iiifiammation 
of the tissue of the lungs and of the mucous membrane of the intestinal tract, 
from cardia to anus” After obtaining similar eflects with a number of animals, 
they concluded that “these observations are important, inasmuch as they show 
that emetin, given in large doses, may produce grave results ” 

During the remainder of the nineteenth century, a number of investigators 
undertook the studj' of ipecacuanha and its new'b disco\ered alkaloid Especially 
notable for their completeness and accuracy of obser\ation are the articles of 
Dyce Duckw orth” and Podwyssotzki ” The latter noted wuth wonder the 
cardiac arrhythmia which we have shown to be due to ^entrlcular fibrillation 

Of fundamental importance w'as the w’ork of Paul and Cownley” in 1893 
demonstrating that the so-called emetin of previous w'orkers was in reality a 
mixture of two alkaloids — the one, emetin, an amorphous substance, to which 
they assigned the formula CiJi-:NO. , the other, which they named cephaelin, 
a crystallin substance having the formula CMd-oNO- Emetin hydrochlorid, 
CiuHijNOi HCl, they were able to make in crystallin form The presence of a 
third alkaloid, psychotrm, was determined by them two years later” It w'as 
isolated in small amounts as lemon-yellow, rhombic prisms The amount of 
alkaloids in ipecacuanha they found to be about 2 per cent 

Wild” in 1895, working for the first time with these pure alkaloids, which 
he obtained from Paul, investigated and compared their pharmacological 
action He found that both emetin and cephaelin are emetics, the emetic dose 
of the latter being half that of emetin Both lower the blood pressure The 
depression produced by the emetic dose of cephaelin is less than that produced 
by the larger emetic dose of emetin The vascular effects from emetin are 
greater Both produce weakening, slowing and diastolic arrest of the heart 

10 In making these determination^?, the method recently described by Levy, 
Rowntree and Marriott was employed (The Archives Int Med, 1915, xvi, 389) 

11 Mej^er and Williams Arch f exper Path u Pharmakol , 1881, xiii, 70 

12 Magendie and Pelletiei Jour de pharm , 1817, iii, 145 

13 Duckworth, Dyce St Bartholomew’s Hosp Rep, 1869, v, 218, also 1871, 
vn, 91 

14 Podwyssotzki Arch f exper Path u Pharmakol , 1879, xi, 231 

15 Paul, H B , and Cownley, A J Pharm Jour and Trans , 1893, hii, 61 , 
also 1894, liv, iii 

16 Paul, H B , and Cownley, A J Pharm Jour and Trans , 1895, liv, 690 

17 Wild, R B Lancet, London, 1895, Ixxiii, 1274 
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Lowin’® m 1902, m a review of previous work on the subject, gives a complete 
bibliography to date In addition to the facts emphasized by Wild, he confirms 
the characteristic gastro-intestinal lesions found by others in poisoned animals, 
and states that on the lungs emetm has no action, whereas, in cephaelin poison- 
ing, extravasation of blood into the lungs was noted several times Deleterious 
action on the kidneys is found to be more characteristic of cephaelin Poisoned 
animals die of cardiac paralysis Emetm, however, injures the heart in much 
smaller doses than does cephaelin, but cephaelin causes a greater fall in blood 
pressure 

The mode of excretion of the alkaloids could not be determined by Lowin 
No trace of them was found in gastric or intestinal contents or in the urine’" 
Finally, he determined that psychotrm need not be considered in taking into 
account the action of these alkaloids, it is present in very small amounts, has 
no emetic action and no toxic action on the heart 

Our pharmacological and pathological findings are quite in accord 
with those of previous investigators, while two new facts are con- 
tributed First, by electrocardiographic studies it has been shown that 
the cardiac irregularity produced in emetm poisoning is due to fibrilla- 
tion of the ventricles, from which the animals may recover , and, second, 
Professor Howell’s observations have shown alterations in the clotting 
properties of the blood 

ILL EFFECTS FOLLOWING THE CLINICAL USE OF EMETIN 

That the therapeutic administration of emetm should not be 
regarded as an altogether innocuous procedure has been previously 
noted Thus, even as early as 1895, Wild^^ says “The fact that a 
dilution of 1 m 20,000 caused diastolic arrest of the frog’s heart m 
forty-six minutes, renders caution necessar}^ m giving larger doses of 
the alkaloid ” 

Baermann and Heinemann® have noted distressing and even alarming symp- 
toms following doses much larger than are usually employed They say “Sub- 
cutaneous injections produce in some instances slight general malaise, 

otherwise, with small and moderate sized doses of 60 to ISO mg, there are no 
symptoms If 120 to 150 mg are given in daily repeated injections, there appear, 
after three or four injections, malaise, lassitude, slight vertigo and loss of 
appetite These symptoms disappear in from 24 to 72 hours after the emetm 
has been discontinued 

“Intravenous injections of 60 to 200 mg cause no serious disturbance, there 
is slight vertigo, transient flushing of the face and retching If this dosage 
is exceeded and 300 to 400 mg are injected, serious symptoms are observed 
These appear in from two to five minutes after the injection and consist of 
general vascular paralysis, severe expiratory dyspnea with cessation of respira- 
tion, loss of consciousness with vomiting, the passage of thin stools, and great 
slowing of the pulse Although these phenomena are transient and are quickly 

18 Lowin, C Arch internat de pharraacod et de therap , 1902, xi, 9 

19 More recently, Lyons (New Orleans Med and Surg Jour, 1912, Kn, 
884), using sterilized fecal filtrates made from the stools of indniduals recening 
ipecac by mouth, could demonstrate no amebicidal properties, in vitro, of the 
contents of the boiiel 



TABLE 3— Reported Cases in Which III ErrECTS Followed the Clinical Use of Emetin 
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rehcvcd by suitable measures, jel on the basis of these observations wc would 
legard as the maximal intravenous dose 250 mg per kg of body weight We 
have never observed any injury to the kidneys, nor has there been any per- 
manent damage to the patient, even with the high intravenous doses” 

VedderV comments m this connection arc worth quoting m full He sajs 
“Since emetm, by main observers, has been regarded as a more or less harmless 
diug, and since I am of the opinion that the doses used by some, and particularly 
by Baermann and licincmann, arc too large, I wish to point out the possible 
danger in not using due caution m the use of this \cry potent remedv 

“It would appear from our experimental observations that the doses proposed 
by Baermann and lieincmann arc far too large, and that if the drug is 
administered in such doses, fatalities will soon occur vvliicii will unjustlj dis- 
credit the use of cmetin Furthermore, these tremendous doses appear to be 
entirely uncalled for, since success is commonly obtained in the treatment of 
amebic dj’senterj^ and hcjiatic abscess with doses not exceeding 1 gram 
hypodermically 

“After seeing rabbits die immcdiatcl} after intravenous injections of com- 
paratively small amounts (from 3 to 5 mg) of cmctin hydrochlorid, I should 
hesitate before adimntsteung even 1 grain intravenously in a human casc^ 
If given to one of the patients so susceptible to the effects of ipecac mcntionerl 
by Sollmann"* such a treatment w ould not improbablj be followed by death ” 
Lyons”' from clinical observations warns against the use of large doses, as 
follows “Too large doses or too prolonged use of moderate doses may cause 
a diarrhea or be responsible for its persistence There u increasing evidence 
that large doses of emetm are not without ill effect”''’ 

The reported cases in which ill eftecls have followed the clinical use 
of emetm aie given in the accompanying table (Table 3) 

The experience of Lyons-" with the administration of emetm by 
mouth precludes its use by the oral route He found it exceedingly 
irritant even in small doses Nausea, vomiting, griping, purgation and 
persistent abdominal discomfort followed the ingestion of 1/2 gr in 
solution 

The case reported in detail earlier in this paper is the first in which 
the fatal result can be attributed to the therapeutic use of emetm Only 
one fatal case of ipecacuanha poisoning could be found m the 
literature 


20 Italics ours 

21 Sollmann, T Text Book of Pharmacol , p 309 (Cited by Vedder ) Some 
persons are so sensitive to the local action of ipecac that the opening of a jar 
at a distance of several feet will produce violent sneezing and discomfort 

22 Lyons, R Am Jour Med Sc, 1915, cl, 97 

23 Harrison (Lancet, London, 1908, n, 536) tells of a 20-year-old youth who 
“drank several inches of a bottle of vmum ipecacuanhae ” One hour after 
swallowing this dose there was uncontrollable vomiting and a rapid pulse , t le 
extremities became cold and damp with perspiration Death occurred m an 
hour and a half At necropsy there was found subacute congestion 
stomach and first two feet of the intestine The heart was m diastole 
other organs were normal Harrison comments that “the congestion o tie 
stomach was certainly an insufficient cause of death ” , 
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SUGGESTIONS WITH REGARD TO A RATIONAL EMETIN THERAPY 

How may the toxic effects of emetin best be avoided^ As the 
result both of clinical and laboratory observations the following 
suggestions are presented 

1 The administration of emetin hydrochlorid is not to be regarded 
as a harmless procedure Even in therapeutic doses ill effects may 
follow its use 

2 Individualization by close clinical observation is essential both 
for the success and safety of the treatment Patients may differ 
markedly in their susceptibility to the drug, and the various commercial 
preparations vary widely m toxicity These points are strikingly 
demonstrated by the toxicity experiments herein reported 

3 The treatment should be given m courses, at intervals of several 
days or a week The subcutaneous route is the one of choice Indi- 
vidual dosage and the duration of each course must be determined by 
the exigencies of the case One-third gram three times a day for a week 
or ten days is usually a safe dosage in amebic infections It is rarely 
necessary to give more than grains daily In the treatment of 
pyorrhea, Bass and Johns^* advocate gram daily for from three to 
SIX days, and maintain that no case need have more than six days’ 
treatment Under ordinary circumstances this seems well within the 
margin of safety It must be borne m mind, however, that the admin- 
istration of even relatively small doses over a long period of time may 
prove harmful 

4 The large dosage advocated by Baermaim and Hememann is 
unnecessary and dangerous 

5 Intravenous injections should be employed only m extreme 
cases If this mode of administration seems imperative, small doses, 
well diluted (% gram m 100 c c salt solution) should be slowly given, 
and the blood pressure should be carefully observed during the 
injection 


24 Bass, C C, and Johns, F M Jour Am Med Assn, 1915, Ixiv, 553 



THREE CASES OF PURPURA PIEMORRHAGICA IN 

CHRONIC TUBERCULOSIS 

WITH A BRIEF REVIEW 
S BAUCH, M D. 

NHW \ORK 

The subject of purpura in this paper is treated from the standpoint 
of the relationship it bears to tuberculosis 

Several writers within the last two centuries have made observa- 
tions on this phenomenon, endear oring to find its cause and effect, and 
to discover the relation purpura has to other diseases with which it is 
associated 

Mackenzie^ says 

The great variety of supposed causes or associated conditions is sufficiently 
striking Still more so is the fact that in onc-third of 200 cases no explanation 
was offered for the purpura, though in several of the cases a necropsy was 
made It will thus be seen how extremely complex is the pathology of purpura 
All we can do in the present state of our Knowledge is to accumulate 
further information and to exhaust every means — histological, bacteriological 
and chemical — in the investigation of cases 

Osler^ also maintains “that purpura is obscure, and is an interesting 
manifestation of which we know so much and at the same time so 
little ” 

We may safely say, however, that the purpura observed in the three 
cases herein reported shows a striking relation between it and chronic 
tuberculosis We may also claim that purpura is not of obscure origin, 
but that it has a definite mechanicotoxic cause 

The following are observations made by various authors who have 
given attention to this subject 

Osier claims that “purpura hemorrhagica rarely occurs with tuber- 
culosis, but a fatal case has been reported " 

Dieulafoy^ divides purpura into different groups according to the 
diseases with which it is associated, as follows 

1 The nervous, as in tabes, myelitis and cancer of the spine 

2 Medicinal, as in copaiba, belladonna, lodm and snake venom poisoning 

3 The rheumatoid, as in peliosis rheumatica of Schoenlem 

4 Infectious variola, erysipelas, typhoid, septicemia, infective endocarditis 

and pyemia ' 

5 Necrotic purpura, as in gangrene ' 

6 Acute pulmonary tuberculosis 


* Submitted for publication Dec 4, 1915 . 

* From the Tuberculosis Department of the Montefiore Home and Hospital 

1 Allbutt’s System of Medicine, vi 

2 Osier’s Modern Medicine, iv 

3 Dieulafoy Principles of Medicine 
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StruempelP endeavors m his classification to show that purpura 
has its origin m an infection of some sort Rosenow of Chicago holds 
the same view Struempell claims that if rabbits are inoculated with 
the blood of a patient having purpura the animal will show similar 
cutaneous symptoms This tends to show that whether it is in typhoid, 
septic endocarditis or rheumatic fever there is some bacillus or coccus 
that IS the direct etiological factor 

Adami® attributes the causes of all purpura to a poison which acts 
on the endothelium of the smaller cutaneous vessels, producing fatty 
degeneration It is the weakening and necrosis of these cells that would 
seem to precede the hemorrhage by rhexis or diapedesis which set up 
the purpura or ecchymosis 

Woodhead offers similar explanations of those of Adami 



Fig 1 — Showing purpuric areas on arms of patient G I (Case 3) 


Muir and Ritchie® claim that “m some cases of acute tuberculosis, 
when the bacilli become lodged in a capillary, the endothelial cells of its 
wall may proliferate, and thus a ring of nuclei may be seen round a 
small central thrombus ” 

Unna^ acknowledges that from the information he received from 
others and from the results of his own wide experience, he fails to 
understand how a capillary hemorrhage is brought about He claims 
that It IS neither by the ordinary understood rhexis or diapedisis, that 
capillary hemorrhages are produced There must be, he says, a specific 
cause or a “blind force” which renders these small cutaneous vessels 

4 Struempell’s Text Book on Medicine 

5 Adami's Principles of Pathologj’ 

6 Muir and Ritchie Manual of Bacteriology' 

7 Unna Histopathology of the Diseases of the Skin 
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subject to hemoirhage His arguments against the accepted theories 
regal ding these puipuiae aie-as follows 

1 The blood vessels of the skin arc not disposed to hemorrhage 

2 The locus minons rcsislantiac is in the subciitancous ^esscls more than 
in the cutaneous 

3 The contention that bacteria arc probably the cause of hemorrhage he 
disproves b\ the fact that in phljctcnosis strcptogcncs, the streptococci are 
found in the capillaries, the same is true of the disease known as pustulosis 
staphylococci, but thej cause necrosis of the endothelium only and not bleeding 

4 In hyaline degeneration of the endothelium he sa\s that it produces 
thickened tvalls but no fragilitj , thcicfort. there is no chance for rupture 



Fig 2 — Purpuric aieas on legs of patient G I (Case 3) 

5 He also tries to disprove the theory of Payer, who found purpura after 
the right iliac vein was thrombosed, with the argument that in varicose veins 
the tone of the vessel helps dilatation, and never rupture 

6 The only condition of purpura in which he recognizes the complete 
degeneration of the vessel as being its immediate cause is in the vessel paraly- 
sis or antemortem vascular changes, where the vessel yields and ruptures 

Pratt, in Osier’s Modern Medicine, among the many causes of pur- 
pura which we have already discovered, quotes a good many authorities 
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who have worked on this subject from the serological point of view 
This work has been done mainly at the Johns Hopkins Hospital 
According to the author the probable additional causes for purpura may 
be a lack of fibrinogen in the blood, or a fibrinolysm, because in many 
cases of purpura one finds the coagulation time delayed The authors 
also found that m the case of any fatty degeneration of the liver (the 
yellow atrophy of the liver) the cells are destroyed, lack of fibrinogen 
IS the result of these changes, thus aiding in producing this condition 
The same is true of phosphorus poisoning, which acts similarly on 
the liver 

They also found the blood platelets diminished in purpura, and 
that there is usually a leukocytosis present Unna repudiates this very 
strongly 

Ewing® claims that bacteria are found in some cases in the blood and 
these are isolated, as for instance Letzeuck’s Baallus purpuj'a, which 
IS in turn produced in animals , Streptococcus pyogenes has been isolated 
in typical cases by Hanot and Luzet, Widal, Therese and Guarnieri, 
Staphylococcus pyogenes auieus has been isolated by Lebreton, Litton, 
Fischl, Adler, Lewis and Librestim , the Pneumococcus lanceolatus by 
Clause and Claudi 

Changes m blood were found by Carrere and Gilbert, who reported 
a mild case having 3,350,000 red cells, while in more seveie cases the 
diminishing number is greater , the hemoglobin index was subnormal. 
They also found a leukocytosis 

Hayem® claims that there exists a letardation of the coagulation 
time, and a reduction of blood plates 

Ewing states that the clotting appeared to be abnormally rapid, as 
in the course of an hour the specimen in the hematocytometer, diluted 
1 100 with 0 6 per cent salt solution, became jelly-like Grawitz has 
also found an increase in the coagulability of the blood in these cases, 
after repeated hemorrhages, but red cells were found rapidly diminish- 
ing, and leukocytes were normal or reduced m numbers 

StelwagoiT® agrees with Ewing m saying that there exists a 
mechanico-bacteno-toxic and chemical cause of purpura He maintains 
that there must be a hyperemia and rupture or diapedesis of the vessel 
to produce purpura 

Hayem, who claims that the retardation of coagulability of the 
blood IS due to the diminution of platelets, and to their destruction 
brought about by intestinal toxemia , this phenomenon is also found m 
cachectic conditions, such as leukemia, nephritis, carcinoma and “lubcr- 

8 Ewing’s Clinical Patliologj of the Blood, 1903 

9 Hajera Quoted in Am Jour Med Sc, 1911 cxlii, b\ Mathew and 
Carpenter in Purpura Hemorrhagica 

10 Stelw agon’s Diseases of the Skin Ed 7. 1915 
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culosis \\ ith purpura, the toxic substances of which are likely to produce 
profound changes in tlie blood, which lead to the rapid disintegration of 
the vessel wall, or to the sloi\er hyaline or fatty degeneration ” 

John M Cruice” sa}s 

Bensaude and Rivet think that purpura is not infrequently associated with 
tuberculosis Of their thirti'-fi\c cases of chronic purpura hemorrhagica, 
seven occurred in indn iduals undoubtedl> tuberculous, and in individuals 
probably tuberculous They saj that in the presence of a purpura, particularly 
in the reclining or chronic form, when the cause is not apparent, the clinician 
should by all means in his pouer, look for some chronic tuberculous lesion, 
cither of the lungs, of the glands, or some other part of the bod> 

Brown sa>s that purpura hemorrhagica rareh occurs in tuberculosis In 
the last 1,000 cases at the Adirondack Cottage Sanitarium but three cases 
have occurred This corresponds closeh to mj figures Out of 1,626 ward 
patients at the Phipps Institute I was able to find only eight cases of purpura 
Mackenrie, in 200 cases of purpura, found it associated with tuberculosis only 
four times Pratt m 258 cases of purpura, both primary and secondary, found 
it associated with tuberculosis sc\cn times 

Gremt attributes the cause of purpura to one of the following 
conditions 

1 Hepatic lesion 

2 Nervous injury 

3 Intoxication of some sort 

4 Bacteria 

5 Blood changes 

but offers no discussion or explanation thereof 

HoivelP- states that he found a great diminution in the prothrombin, 
as m hemophilia, which retards coagulation and does not aftect the 
antithrombin substance 

In thrombosed vessels the prothrombin is not affected but the anti- 
thrombm is diminished In purpura hemorrhagica neither is affected 

Gaucher^® claims as follows 

1 Infective secondary purpura is met with m the course of infective dis- 
eases such as variola, scarlatina, measles, intermittent fever, pyemia, puerperal 
infection, ulcerative endocarditis, acute tuberculosis (of which purpura may be 
a premonitious phenomenon), diphtheria, enteric fever, typhus, plague, malig- 
nant jaundice, pneumonia, cerebrospinal meningitis, infective tonsillitis and 
gonorrhea 

2 Toxic purpura is due to the absorption of certain protein substances, but 
a certain predisposition is necessary for this to occur 

Herbert French^^ maintains that “General tuberculosis is not a com- 
mon cause of purpura, and yet in a few instances extensive purpura has 

11 Cruice, John M The Incidence of Purpura m the ^Course of Chronic 

Tuberculosis, Am Jour Med Sc, 1912, cxliv, 875 , 

12 Howell, W H Condition of Blood in Hemophilia, Thrombosis ana 
Purpura, The Archives Int Med, 1914, xiii, 76, absts m Jour Am e 
Assn , 1914, 1x11, 488 

13 Gaucher Diseases of the Skin 

14 French, Herbert An Index of Differential Diagnosis of Mam Symptoms, 
William Wood & Co, New York 
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been the first, and, for the time being, the only, symptom of an obscure 
illness which has ultimately turned out to be general tuberculosis The 
patient has generally been a child, and the diagnosis has only been pos- 
sible when the course of the case has been watched ” 

The following are the three cases which have come under observa- 
tion within the last eight months It is useless to say that they can be 
taken as a criterion to prove anything regarding the cause of patho- 
genesis of purpura, but they do show us that there is a definite mtei- 
relationship between it and tuberculosis, and possibly give a clue to its 
etiology 

REPORT OF CASES 

Case 1 — W S, aged 29, carpenter, Russian 
The condition of the lungs Nov 16, 1914, was as follows 
Right lung Dulness of both superior and middle lobes anteriorly and 
posteriorly, with large cavity over the same area, and moist rales all over 

Left lung Dulness of both superior and middle lobes anteriorly and pos- 
teriorly, with amphoric breathing over the same aiea, and moist rales all over 
From Dec 12 to Dec 29, 1914, the patient showed the following additional 
symptoms edema over the ankles, marked dyspnea, cyanosis, slight epistaxis, 
abdominal pain and nausea 

Dec 29, 1914, patient was awake until 3 o’clock m the morning, felt 
nauseated and vomited coffee-colored material three times Bowels also moved 
three times during the night, stools were loose and watery m consistence 
Patient vomited twice in the moining, a dark greenish fluid On examination 
patient was found markedly prostrated He did not complain of anything 
except marked weakness Hemorrhagic spots covered both legs, over the 
anterior and lateral surfaces and posteriorly Similar hemorrliagic outlines 
covered the upper third of both legs and lower third of both thighs Some 
spots were also seen over parts of the buttocks They were also distributed 
over the inner surfaces of both forearms and upward to the midpoint of the 
arms These hemorrhagic spots were confluent and covered areas 4 to 6 inches 
in length and about 3 inches in width They were of a deep bluish-red hue 
The mucous membranes and the conjunctivae were negative The chest 
findings were the same as on previous examinations 

From Dec 29, 1914, to Jan 1, 1915, the patient persistently vomited dark 
greenish fluid The greater curvature of the stomach was low, reaching mid- 
way between the pubes and umbilicus, and a splashing fluid was readily 
made out 

From Jan 1 to Jan 10, 1915, the patient complained for the first time of 
pain in the right knee, and in both elbow joints The purpuric rash became 
paler, and gradually disappeared The face was puffed 

From Jan 10 to Jan 14, 1915, the puffiness grew more marked, the purpuric 
rash reappeared o\er the legs Examination of the urine revealed an excessive 
amount of albumin, and numerous casts of ail kinds, including a few wax> 
casts, and many cylindroids 

From Jan 14 to Jan 16, 1915, the purpuric rash graduallj disappeared 
again The patient became \er\ dj^spneic and ejanosed, the pulse was rapid, 
feeble and irregular m force The heart beat was irregular, and a blow'ing 
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systolic murmur was heard at the apex, which was not transmitted The 
second pulmonic w'as accentuated 

Jan 16, 1915, the patient’s general condition was somewhat improved He 
complained of hunger, and wished to be out of bed, but dyspnea was still 
marked The pulse was small, feeble and irregular The puffiness of face 
subsided There wms no edema of the extremities At 11 15 a m the patient 
sat up, but suddenly fell back and expired 

The blood on repeated examinations showed an average lcukoc 3 'tc count 
of 8,000 to 12,000, red cells of 4,500,000 to 5,000,000, and neutrophils 70 per cent 
The hemoglobin W'as an average of 75 per cent Ihe blood culture revealed 
nothing 

Case 2 — S A, aged 28, draughtsman, American 
The condition of the lungs was as follows 

Right lung Dulness anteriorly from apex to third interspace, postcnorlj 
from apex to sixth spinal vertebra , also one stripe at the base On ausculta- 
tion was found bronchial breathing, with moist rales from apex to third inter- 
space anteriorly, posteriorly bronchial breathing, with moist rales from apex 
to sixth vertebral spine, below that there was feeble breathing 

Left lung There were crackles all over anteriorly, posteriorly there was 
dulness over the supraspinous fossa, and feeble breathing could be heard to 
the fifth vertebra Below that there was h 5 perrcsonancc 

An attempted artificial pneumothorax on the right side was without the 
desired result May 8, 1915, the patient developed marked edema of the right 
lower extremity, which lasted for three days, and which was accompanied by 
pain in the leg The third day his left foot became markedly edematous 
There were no signs of abdominal fluid or enlargement of liver or spleen On 
examination the patient showed signs of a spontaneous pneumothorax on the 
right side, with signs of the heart being pushed over to the left 

The roentgenogram showed that there was apparentlj’^ a pneumothorax 
occupying the entire right thoracic cavity, pushing the collapsed right lung, as 
well as the mediastinum, completely to the left side 

About the left side nothing definite could be said, as it was markedly com- 
pressed and obscured by the mediastinum 

May 29, 1915, the patient was v^ery dyspneic, showed pronounced cyanosis 
over the extremities, and complained of pain m swallowing On examination 
evidence of fluid could be elicited at the base of the right chest, and 33 ounces 
of thin, turbid fluid, greenish m color, was obtained 

June 1, 1915, the general condition of the patient was very poor There was 
tenderness all over the abdomen, especially over the liver, winch was very large, 
and could be palpated as far as the umbilicus He had also edema of the right 
lower extremity His elbow and knee joints were tender The patient showed 
a purpuric rash over the sacral region, over the right clavicle, anteriorly and 
posteriorly, over the right supraspinous fossa, and over the anterior portion of 
the right leg These purpuric spots were of a deep bluish hue, which did not 
disappear on pressure, and which covered areas about 3 to 5 inches in length 
and 3 inches in width 

On five successive urinary examinations, before and after the appearance of 
the purpuric rash, no albumin could be found 

On two successive blood counts, before and after the appearance of the 
rash, the patient had an average of hemoglobin of 65 per cent , red blood cells, 
5,000,000, white blood cells, 6,000, polymorphonuclear cells, 84 per cent , sma 
and large mononuclear cells, 16 per cent The blood culture was found nega- 
tive, and no bacilli were found m the blood 
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Case 3 — G I, aged 38, tailor, Russian 

The lung condition on admission was as follows 

Feb 18, 1915, the right lung showed dulness over two upper lobes, ante- 
riorly and posteriorly, with bronchovesicular breathing and moist rales, below 
that the note was hyperresonant 

The left lung showed dulness of the entire side, anteriorly and posteriorly, 
with bronchial breathing and moist rales all over 

April 7, 1915, the physical examination and fluoroscope showed symptoms 
and signs of complete right-sided pneumothorax , absent breath sound all over, 
except the upper third posteriorl}’^, and orthopnea 

On inquiry the history given by the patient tells of a sudden onset at 
10 30 p m , April 5, 1915 

May 8, 1915, the patient developed a purpuric rash over the extensor and 
flexor surfaces of the right arm, up to the elbow, and a similar condition on 
the extensor surface of the left thigh The next day the patient had a swelling 
of the right wrist, followed by vomiting of bile-colored mucus This vomiting 
lasted for three days The patient also had diarrhea and blood-tinged stool 
He also developed edema of both feet This condition remained unchanged 
until May 23, 1915, when the patient developed edema of lower extremities 
The purpuric rash on the lower extremities became more confluent, and he 
complained of pain in the knee joint, and also dyspnea on slight exertion 
From Jan 18 to May 5, 1915, patient’s urine showed the presence of 
albumin, hyaline, finely granular and epithelial casts 

The blood picture before and after the onset of purpura showed that the 
systolic blood pressure averaged 106, and diastolic, 80, hemoglobin, 80 per 
cent , red blood cells, 4,450,000, white blood cells, 8,000, neutrophils, 75 per 
cent , small and large lymphocj'tes, 29 per cent Blood culture negative 
Coagulation time normal 


CONCLUSION 

Clinically expressed, the purpura observed m our three cases can be 
grouped in the same category with the condition known as peliosis 
rheumatica of Schoenlein All the patients complained of pain m the 
joints, which came on suddenly and simultaneously with the onset of 
the rash, and all the cutaneous hemorrhages were of the simple type, 
with the exception of a single case, in which the patient’s stool showed 
traces of blood — evidently suggesting purpura hemorrhagica proper 
Pathologically, we cannot put our cases in one distinct type of pur- 
pura, because they show characteristics common to all the classes 

For instance, blood cultures were found negative for bacteria The 
red blood cells averaged from 4,500,000 to 5,000,000 , white blood cells 
averaged 6,000 , neutrophils 80 per cent , hemoglobin averaged 65 per 
cent , blood platelets w^ere normal The time of coagulation w as nor- 
cal They all had edema of the extremities, ail had diarrhea, one, 
in addition, show ed albumin and casts m his urine , another had blood> 
stools, they were all prostrated, all manifested symptoms of sponta- 
neous pneumothorax, and all show ed a rash on similar locations, almost 
similarl}’^ distributed all were confluent and did not disappear on 
pressure 
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Therefore, the follo^\ ing arc the facts which explain our claim 

1 Accoiding to Muir, though not found in our cases, the tubercle 
bacilli foim colonics in the cutaneous \cssels, where they act as an 
in itant 

2 The secicted oi cxcictcd tuberculous toxins contribute to the 
ncciosis of the cutaneous vessels 

3 The scrum cxtra\asatcd into the dependent portions, either by 
picssurc exerted on some vein or Ijmphatic \essel, or when this is 
diiectly due to nephritis, pioduces in turn a pressure on the cutaneous 
vessels, which ma} act as a mechanical factor 

4 In the later sl.igcs of pulmonary tuberculosis the Mscera may 
undcigo cither In aline, amyloid or fatty degeneration, which aids in 
disintcgiating the endothelial cells of the blood vessels, producing 
ncciosis of the endothelium, and rupture, the fibrmogen-forming cells 
m the liver aic also destro)cd by the morbid process, thereby producing 
diminution m the viscosity of the blood, and also delaying its 
coagulation 

To sum up The blood picture found in our three cases does not 
correspond with that found by the \ arious authors quoted in our review 
of the subject 

But we did find, in these three cases, sufficient factors to warrant 
us m claiming that there is a relationship between purpura and 
tuberculosis 

They all showed the symptoms of intestinal toxemia, of amyloid 
degeneration, of the mechanical factors, and of general toxemia 

As we have seen in our review, one writer would lay stress on one 
factor as being the cause of purpura, another would find a different 
cause In our cases we found a few causes which strengthen our belief 
that purpura can be found more often in tuberculosis than has been 
reported 

I am indebted to Dr M Fishberg and Dr S Wachsmann for their aid, 
encouragement and courtesy in offering their material 



REMARKS ON B WELCHII IN THE STOOLS OF 

PELLAGRINS 

WILLIAM H HOLMES, MD 

CHICAGO 

The object of this paper is to call attention to the presence of abnor- 
mally large numbers of organisms belonging to the B Welchii group, 
which have been found in the stools of pellagrins and to inquire whether 
this organism may not possibly bear a causal relationship to the disease 

B Welchii has been described by various investigators since fiist 
described by Welch and NuttalP in 1892 as B aerogencs capsulatus 

For a complete description of the organism, with bibliography, ref- 
erence may be made to the excellent monograph by Simonds ^ 

The characteristics of B aerogencs capsulatus (B Welclm) are as 
follows It is a large gram-positive, nonmotile, anaerobic bacillus, pro- 
ducing spores under certain conditions. It is capable of fermenting 
nearly all sugars, and starch, and grows best on mediums containing 
these substances In direct smears from lesions caused by it a capsule 
may be demonstrated It coagulates and ferments milk with the pro- 
duction of butyric acid, and produces butyric acid from all sugars and 
starch It is practically ubiquitous in distribution, having been found in 
the intestinal tract of domestic animals, birds and man, in the soil, water 
and air and in meat, fish, milk, cheese and other foodstuffs The 
pathogenicity for man is limited The resistance to conditions unfavor- 
able to Its growth IS slight Free oxygen and organic acids m a strength 
of 4 per cent cause cultures to die quickly The spores withstand a 
temperature of 80 C for fifteen minutes but are usually destroyed by 
boiling for fifteen minutes Simonds found the production of agglu- 
tinins 111 rabbits difficult 

The chief point of interest m connection with B Wclchu is that 
while it IS recognized as a common inhabitant of the human intestinal 
tract, certain dietetic errors may cause it to assume a role of pathologic 
importance 

Grovth by cultural methods m the absence of sugar is extremely 
difficult Similarly, as pointed out by Kendall and Da},^ B Wclchu 
IS of no pathologic importance m the intestinal tract unless there is 

* Submitted for publication Xo\ 23, 1915 

*From the Department of Patholog>, Northwestern UnnersiU Medical 
School 

1 Welch, W. H , and Nuttall, G H F Bull Johns Hopkins Hosp , 1892, 
111 81 

2 Simonds, J P I^Ionograph 5, Rockefeller Institute of Medical Research 
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picscnt an excess of utili/able cm boliydralcs and a deficiency in 
organisms of tlie lactic acid group, which produce conditions 
mimical to its growth These investigators in their work on chil- 
dren at the Boston Floating Hospital, found that tlic feeding of sugars 
m an intestinal infection by B Wclchu was contraindicated and rapidly 
caused an increase in the severit} of the symptoms, the chief of which 
was diarrhea By the w'lthdraw^al of sugars from the diet and the addi- 
tion of lactic acid and lactic acid bacilli introduced in the form of butter- 
milk, the diarrhea stopped and B WclcJm in the stools decreased in 
number to normal 

In the early part of August, 1909, a large number of cases of pel- 
lagra were reported to the State Board of Health from the Peoria 
State Hospital at South Bartonville, 111 The secretary of the board 
detailed me to assist in an investigation to be earned on in conjunction 
with one undertaken b)' the U S Army Medical Corps The results 
of these in\ estigations were published by the board in the Health 
Bulletin ‘ At that time B Wclclin w'as found in the mouths of some 
patients and in the stools of thirteen out of eighteen The drinking 
W'ater of the hospital w'as found to contain a gas-producing organism 
wdnch, howc\er, w'as lost in plating This may have been B JVelchii 
Conditions at the hospital at the time the w’ater w'as examined w'ere 
not favorable to the making of anaerobic cultures No gas was pro- 
duced by any of the organisms isolated b)^ aerobic cultures 

In two cases of pellagra recently studied® an amount of fluid feces 
adhering to a straight platinum wure of 20 gauge immersed one-quarter 
inch produced stormy fermentation of milk in tw'elve hours after heat- 
ing to 80 C for fifteen minutes This w'as due to the presence of 
B Wclchn 

McNeal and Allison® in a study on the bacteriology of the stools in 
pellagra leported the presence of B Wclchn m a number of cases 
In one case in which the stools w^ere examined during the acute mani- 
festations of the disease they remark, “This would indicate the presence 
of B Wclchn in hundreds of thousands per milligram of feces ” They 
also remark that the diagnosis of pellagra m this case is doubtful ‘ as 
the discoloration on the hands gradually faded wnlhout desquamation 
From personal observation I am of the opinion that this is not an 
unusual occurrence in pellagra McNeal and Allison attached no 

3 Kendall, A I, and Day, A A Boston Med and Surg Jour, 1910, 1911, 
1912 

4 Bulletin Illinois State Board of Health, August, October, and Novem- 
ber, 1909 

5 Courtesy of Dr Charles B Read, Peoria, 111 

6 Report of the Pellagra Commission of the State of Illinois, Novem- 
ber, 1911, p 55 
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unusual significance to B Welchn as a possible cause of the dianhea, 
so pronounced in pellagra 

As above mentioned, Kendall and Day have reported that one of 
the essential conditions for the production of pathogenicity of 
B Welchn is a high carbohydrate diet Hewes and KendalF report 
investigations on diarrhea in adults which were characterized by the 
presence of large numbers of spores of B Welchii, which became worse 
on carbohydrate diet and rapidly improved on a pure protein and but- 
termilk diet 

It IS notable in this connection that during the epidemic of pellagra 
the dietary of the Peoria State Hospital was reported to the Secretary 
of the State Board of Health as being very deficient m pioteins and 
especially m proteins of animal origin Conditions favorable to the 
growth of B Welchn were ideal 

The conclusions reached by Wussow and Grmdley as the result of 
investigations on the dietaries of the state institutions, made for the 
pellagra commission were as follows 

Measured by the quantities consumed b}' a group of average patients fifty- 
three in number, for a period of seven days, the general diet supplied per man 
per day was 73 51 gm of protein, 444 34 gm carbohydrates, 55 77 gm fat, 
2,568 calories of energ}', and 23 23 gm of mineral matter, of which 107 gm 
was phosphorus With the exception of protein and prosphorus these quan- 
tities are probably adequate 

They further conclude that since the protein intake “represents the 
average intake of a large number, some of whom were very likely recei\ - 
ing less than the average, an increase in the amount would seem desir- 
able A study of the distribution of the nutrients among the animal and 
vegetable foods shows that the diet is chiefly vegetable in natui e, much 
more so than the average American dietar}^ ” This work v as done at 
Peoria during the time indicated at the top of the fourth column of 
H Douglas Singer’s table, to be found m the same report, and herewith 
quoted, and therefore does not indicate the true conditions during the 
time of the epidemic 

Singer remarks “without wishing to draw any conclusions as to 
cause and effect” that “the number of cases of pellagra diminished at 
Peoria and Dunning coincidently with increased meat and ha\e 
increased at Elgin v ith diminished meat ” 

The above obser^ ations v ere about to be submitted for publication 
when Goldberger, Waring and Willets® published the result': of their 
investigations 

7 Hewes, H F, and Kendall, A I Boston ifed and Surg Jour, 1912, 
cKm, 75 

8 Goldberger, Tosepb, W anng, C H , and Willets, D G Pub Health Rep , 
Oct 22, 1915, p 3117 
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Their work is so important that it demands critical analysis Com- 
menting on the theory as to the communicability of pellagra, they 
obseive that since nuises and attendants in institutions where pellagra 
IS endemic do not acquire the disease although exposed to constant 
infection, the explanation of the phenomenon would be found in the 
difference in diet of the two giotips of residents They noted in one 
institution that meat or othei animal protein food formed a relatively 
small part of the diet of those subject to pellagra, while the vegetable 
component was unusually large Similar conditions were found at 
other institutions In one of these seventy-nine cases of pellagra were 
observed during the spiing and summer up to Sept 15, 1914 In a 
second institution 130 cases were observed during the same period 


Average Daiiy Amount oi Meat’^ in Ounces Supitifd to Each iNomouAL 
Including Both Patients and Employees t (Singer) 



.Tul\ l'>07 
to 

.Tub lOOS 

Tub I'XIS 

to 

Jtlb 1009 

Tub 1909 
to 

Julj 1010 

i 7ul> 1010 

1 to 

July 1011 

Average 

Peoria 

53 

68 

DO 

82 

63 

Anna 

11 3 

10 0 

IOC 

08 

10 CD 

Chester 

C4 

DO 

4 5 

C4 

DC 

Elgin 

71 

7 7 

CO 

DO 

CO 

JacKEon%ille 

10 G 

10 0 

11 3 

10 5 

10 8 

Kankakee 

87 

78 

SO 

82 

82 

Watertoi^n 

82 

70 

84 

83 

82 

Dunning 

C C 

CD 

GG 

7D 

68 


* Uncooked and undicsscd 

+ Emplojees are fe^er in number but reccite leIntI^elJ larger amounts than patients 


Hygienic and sanitary conditions at both institutions were poor, but 
were not changed September 15 the diet of the inmates was improved 
by the addition of milk, eggs, meats and leguminous vegetables The 
carbohydrate element w^as at the same time considerably diminished 
It is to be noted that in April, 1915, buttermilk w^as added to the diet 
They give no reason for this addition, which at first was furnished on 
alternate days to inmates over 12 years of age , later when a sufficient 
supply was obtainable it w’’as served daily to all 

The results obtained were as foUow^s 

In the first institution, of the 79 cases, 67 were under observation 
for one year In none of them was there a recurrence of the disease 
In the second institution, of the 130 cases, 105 were under observation 
for one year In 1 case only was there a recurrence None of the 
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nonpellagrin residents numbering, respectively, 99 and 69, developed 
the disease. 

At the Georgia State Sanitarium, 72 pellagrins (36 colored and 36 
white) out of 80 selected cases were under observation from not later 
than Dec 31, 1914, up to Oct 1, 1915 As at the other institutions, 
an increase was made in the protein food, syrup was entirely excluded 
and buttermilk was given twice daily None of this group of 72 
patients showed evidence of a recurrence at the end of the experiment 

During this period fifteen of thirty-two female pellagrins developed 
recurrences 

Goldberger and Wheeler^ further to test the effect of diet m pellagra 
undertook to produce the disease experimentally in a group of non- 
pellagrous convicts Of eleven volunteers who were fed for five months 
on a diet entirely free of animal protein, six developed a typical der- 
matitis and mild but distinct nervous and gastro-mtestmal symptoms 
It is to be regretted that these excellent studies did not include a study 
of the bacteriological flora of the feces before and after placing the 
patients on the test diet The theory that B Welchu alone or in 
symbiosis with another organism in the presence of an excess of carbo- 
hydrates, by the production either of butyric acid or a toxin, and their 
subsequent absorption may produce pellagra, is an attractive one It 
harmonizes well with the infectious, toxic, and nutritional theories It 
explains seasonal variations and the relation of poverty to pellagra 
Poverty is usually associated with unhygienic, unsanitary living condi- 
tions, a high carbohydrate diet and a low animal protein diet as pointed 
out by Sydenstricker 

SUMMARY 

1 B Welchn has been found with marked regularity in the stools 
of pellagrins in numbers greater than normal 

2 These pellagrins were on a dietary composed principally of 
vegetable foods high in carbohydrates 

3 The diet was extremely low in protein and especially in protein 
of animal origin 

4 Diarrhea is one of the most constant symptoms of the disease 
known as pellagra 

5 B Welchn has been found to produce se\ere diarrhea in children 
and adults m the presence of a high carboludrate diet 

6 The diarrhea caused by B JVclcJin can be cured by a protein 
diet and buttermilk 

9 Goldberger, Toseph, and "Wlieeler, G A Pub Health Rep , No\ 12, 1915, 
p 3336 

10 Sjdenstncker Pub Health Rep, Oct 22, 1915, p 3182 
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7 Goldbcrger lias prevented pellagra by the addition of proteins and 
buttermilk to the diet, and has expei imentally caused pellagra by means 
of a pure caibohydrate diet 

8 Whether B JVcIcJui was pieseiit in the stools of Goldberger’s 
cases in greatly increased numbers is not know n 

The above facts b} no means prove that B WclcJin is the direct or 
sole cause of pellagra, but their coincidence is sufficiently significant to 
justify further m\estigation 

25 East Washington Street 
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CORRECTION 

Attention is called to the following corrections in article by Drs Harold 
Schwartz and Caroline McGill in Thl Archinfs for Jamiarj, 1916 

Under Table 2, giving the normals of various authors, the values given 
to urea nitrogen, with the exception of the figures given by Rowntree and Eitz, 
Schondorff, Farr and Austin (0 43), Widal, Picard, Weill and Vallery-Radot, 
which refer to urea 

In the subject matter, reference to Tileston and Comfort, and Folin and 
Denis, refer to urea nitrogen 

Conclusion No 1, the word “fasting” should be omitted 


The Archives of Internal Medicine 
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STUDIES OF EDEMA IN PNEUMONIA" 

MARY E MAVER and A B SCHWARTZ 

CHICAGO 

It has long been Icnown that acute infectious diseases may be 
accompanied by edema of the skin and subcutaneous tissues While 
m some cases of pneumonia this edema may be sufficiently well marked 
to cause pitting on pressure, in the majority of cases, such evidence 
IS not present, notwithstanding definite water retention It would 
be expected, following the explanation of Fischer,’^ that edema would 
be an almost constant accompaniment of pneumonia, for we have here 
a disease in which several factors,- as the increase in ammonia output, 
the decreased carbon dioxid content of the blood, etc , make it very 
probable that there is an interference with oxidative processes of the 
organism 

According to Fischer the inhibition of oxidation, with the con- 
comitant increase in acidity, is of great importance in the production 
of edema That this edema may occur and not be appreciated is not 
surprising, when we remember the great amount of water retention 
which may occur before it becomes manifest as palpable edema 

By means of Schade’s elastometer,^ an instrument described in a 
previous communication, the question of edema in pneumonia has been 
studied W ith this instrument it is possible to detect edemas not appre- 
ciable by the palpating finger In a series of ten cases of pneumonia we 
ha\e found with the elastometer the presence of slight or moderate 
edema m every case 

This edema, shown in the elastometnc reading by the character of 
die curve and the deficient return of the curve to the base line, seems 
to be most marked during the height of the disease 

After the crisis, the curve has a tendency to return \ery slowly 
to normal Occasionally, this return to nonnal is nearly complete soon 

* Submitted for publication Dec 11, 1915 

*From the Otlio S A Sprague Memorial Institute Laboratory of the 
Children’s Memorial Hospital 

1 Fischer, Martin H Edema and Xephritic Xei\ York 1915 

2 Peabody, Francis W Jour Exper I\Icd , 1912 xm, 701 

3 Schade, H Ztschr f exper Path u Therap, 3912 >i, 369 
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Fig 1 — Cunc 1 is .i reading taken tweUc hours after crisis The subse- 
quent leadings illustrate the gradu.il hut complete return to normal elasticity, 
the last reading being taken two weeks aftci crisis 



Fig 2 — Curtc 1, taken just before crisis shows a \erj slight loss ot 
elasticity The second reading shows a gi eater loss '1 lie last reading shows 
a complete return to normal 



Fig 3 — ^This figure illustrates the marked changes m tissue turgor whici 
may occur m young children, follownng the infectious diseases The patient on 
whom these readings w^ere taken, was admitted to the hospital on the fifth day 
of a lobar pneumonia complicated by a double suppurative otitis me la 
Curve 1 is a reading taken on the day of admission Curves 2 and 3 were 
taken during the height of the fever The last six readings were taken uring 
convalescence, the patient remaining in the hospital pending the selection o 
a suitable home by the Social Service Department Clinically the only 
ent delay in convalescence was a very noticeable lack of energy in the pa len 
The pronounced loss of elasticity and its persistent character is quite mar e , 
the elasticity curve approximating normal six weeks after crisis 
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Fig 4 — The readings in this case are further illustrations of the changes 
in elasticity which occur in young children The patient was 3 years old 
The first two readings were taken during the height of the disease Curve 3 
on the day of crisis The elasticity loss persists after crisis 



Fig 5 — This figure shows a series of readings exhibiting a complete return 
to normal The first two curves were obtained before crisis, the last two 
after crisis 
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Fig 6 — This shows variations in the elasticity curve taken during the course 
of a lobar pneumonia, complicated by an otitis media and furunculosis of the 
auditory canal The clinical chart of the patient showed a similar irregularitj 
in the temperature curve, wdiich may bear some relationship to the fluctua- 
tions noted 



Fig 7 — This illustrates an improvement in the clasticit> curve i.nmeciatcl: 
lollovving crisis the successive curves showing a gradual return to normal 
The first two reaaings were taken before ens’s Curves 3 to 6 after ens’s 
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aftci cnsis, while in other cases, theic persists slight elasticity loss long 
after apparent convalescence In some instances this persistent loss 
may be associated with complications What factors influence such 
deficient letum to nonnal, and then significance, we are not able, at 
present, to say 



Figs 8 and 9 — Further examples of slow improvement after crisis The 
first curve in each of these figures was taken before crisis, the other curves 
after crisis had occurred 
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Fig 10 — Curves 1 and 2 in this figure taken during the height of a lobar 
pneumonia show a slight loss of elasticity On May 6, the temperature had 
reached normal by b’^sis The reading taken at this time shows practically 
normal elasticity Six days later, a reading shows a greater loss of elasticit)^ 
than had been noted aven during the height of the fever Twelve hours after 
this reading was taken, the patient exhibited a marked characteristic rash of 
scarlet fever Though further readings were not taken, on account of the 
necessary isolation of the patient, the striking change in the character of the 
curve suggests the possibility that associated with certain acute infectious 
diseases, earlier and profounder changes in tissue turgor may occur than has 
been heretofore thought 


Th'e elastometnc curves given in the text were all obtained at the 
wrist 111 patients admitted to the Children’s Memorial Hospital with 
lobar pneumonia In none of these cases was there any palpable 
edema On account of the difficulty of working with children, some 
of the curves are not perfect Nevertheless, the variations noted are 
sufficiently well marked for our study 
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THE RELATION OF CHLORIDS TO EDEMA IN PNEUMONIA 

The retention o£ chlorids in pneumonia has been studied by many 
observers, and recently, McLean,^ using his new method of chlorin 
determination,® has shown that failure to excrete chlorin in pneumonia 
IS associated with' a lowered concentration of chlorids in the plasma, 
and that excretion begins at the time this concentration increases That 
this increase is usually more marked than can be accounted for by the 
increased diet, has been noted by various observers Numerous studies 
have been made to determine the point at which this retained chlorid 
IS stored ® 


Chlorin Determinations in Urine in Pneumonia 


Date 

Day of 
Disease 

1 

Olinical 

Observations 

Urinalysis 

Chlorid ^ 
Per 
Cent 
Blood 
Serum 

Number 

of 

Curve 

Cl, 
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Cl, 

Gm 

1 Sp Gr 
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1 in 24 
jHrs ,c c 
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1 

1 

! 


1/24 
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Temp 102103 5 
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07 

1 020 
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0 53 


1/27 
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Temp 102 104 
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0 44 

1 1 018 
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I 
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Fig 3 
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0 57 1 
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39 
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i 
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60 
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Fig 6 
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7 1 
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• Fig 10 
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* Fever the next aa%, scarlet fever six davs later 


4 ^tcLcan Franklin C Tour Exper Med, 1915, xxii, 212, ibid, 366 

5 ^McLean F C and Van Shke, D D Jour Biol Chem . 1915, xxi, 361. 

6 Pcabodt, Francis W Tour Exper Med, 1913, xmi, 71 
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Having nnanably found the picsencc of some edema m pneumonia 
by means of the claslometci, we undertook to correlate, if possible, 
these findings with chlorid detemunations of the blood and urine 
The difficulty of obtaining blood and the comparatne infrequency of 
uncomplicated lobai pneumonia in the children at our disposal, made 
the number of our observations small 

Foi the determinations of chlorids in the blood, McLean’s method 
was used, for mine, Volhard or Dehn's modification of the Volhard 
method 

In twenty-two observations of the chlorids in the blood serum, made 
in seven cases of lobar pneumonia, our results confirm those of McLean 
regarding the diminished concentration of chlorin m the plasma during 
the height of the fever, with increased concentration after crisis 

Of all these patients, elastomctnc determinations are given in the 
text figures While the increased concentiation of NaCl in the blood 
occurs almost immediately after crisis, there does not seem to be a 
corresponding change in the clasticit}^ of the tissues, as determined on 
the wrist b}^ the elastometer The leturn to a normal concentration of 
NaCl in the blood serum usually occurs long before the elasticity curve 
has reached a normal state 



HYPOGLYCEMIA AND PROGRESSIVE MUSCULAR 

DYSTROPHY -i 


R H McCRUDDEN, MD, and C S SARGENT, SB 

BOSTON 

We recently made urine and blood examinations in a typical case 
of progressive muscular dystiophy which was being studied cliihcally 
by Drs Goldthwait and Spear of Boston The clinical findings are 
to be made the subject of a separate leport, but the chemical findings 
seem well worth recording, even though they represent the data from 
but one case, since, if confirmed m other cases, they constitute a dis- 
tinct contiibution to our knowledge of carbohydrate metabolism They 
aie, therefore, published in the hope that similar examinations will 
be made by any other investigators who may observe a case of this 
uncommon disease 


THE OBSERVATIONS 

The patient was a man 33 i’^ears of age vho showed no abnormalities 
except progressive muscular weakness He was put on a constant diet, the 
urine was saved and examined quantitatively for calcium, magnesium, nitro- 
gen, creatinin, creatm, uric acid, and ammonia, and the blood for glucose, 
creatmin, creatm, uric acid, cholestenn, and nonprotem nitrogen 

Diet The patient was kept on a constant diet throughout the period during 
which specimens were taken The diet was constant in calories, and in its 
nitrogen, fat, and carbohydrate content, and practically identical foodstuffs 
were given from day to day In spite of this physiologic constancy, the food 
was served in a variety of forms to the patient This constancy in composi- 
tion combined with an appearance of variety constitutes a characteristic and 
very useful feature of our studies at this hospital The results arc obtained 
by cooperation of physician and dietitian, and we believe that an adoption 
of the principles applied will serve to clear up many dietetic difficulties The 
principle to be recognized is that the physician must prescribe the diet, for he 
alone kno\AS what is needed, but the physician rarely possesses the technical 
knowledge necessary for putting his diet into palatable form and for giving 
it variety, for this he must call on the dietitian The relation of phjsician 
and dietitian in this respect resembles somewhat that of the physician and 
pharmacist with respect to medicines For convenience of explanation, the 
complete carrying out of the process may be divided into four steps 

1 After deciding on the approximate diet to be given, preliminarv observa- 

tions of a day or two are made to find out the amount of food the patient 
can take and his dietetic idiosv ncrasies * 

2 A list ot foodstuffs IS then given to the dietitian from which a dictarv 
of several dajs is to be made out In this case the following list v as pre- 
scribed for each twentv-four hours 

4 eggs (which may be replaced in part bv cheese in the proportion of 
1 ounce of cheese to 1 egg) 

4 glasses of milk 

600 gm of potato (which mav be replaced in part bv bread, spaghe**’ 
or rice in the proportion of 600 gm of potato = 240 gm breao = 
150 gm ricel 
60 gm butter 


* Submittea for publication Dec IS, 1915 

* Laboratories of the Robert Rrtck Bncham Hospital 
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All these fooclstufTs are fairly constant in composition and in caloric value, 
so that composition and caloric value can casih he calculated In addition, 
once a da 3 , a small amount of lettuce, cucumber, celery, and tomato, and a 
small amount of fruit, either raw or cooked, were allowed, these latter food- 
stuffs ha\e ^ery little caloric \aluc, and contain but little protein, fat, and 
carbohydrate Such a diet has the composition shown iii Table 1 

TABLE 1 — Composition or Enpcrimlntai- Diet 


Gr iins 

Troltln 1 

i 

I rnt 

1 

Carbo 
j lijdratc 

j Calorics 

( 

Pour eggs 

COO 

1 

23 

1 

i 

i 

S35 

Four glasses milk 

SOO I 

32 1 

o2 

1 

5C0 

Potato 

coo 

< 

1 


' 120 

402 

Butter 

CO 1 

i 

1 

I 

IS 

1 

i 

440 

Total 


1 r.7 ' 

103 

152 

1 

1,833 


3 The third step — a conference of plnsician and dietitian tor examination 
and alteration of the first tentative dietary' submitted by the dietitian — comes 
after the dietitian has studied the diet list It sometimes happens that the 
diet prescribed can be improv'cd m palatability or variety by slight alterations 
or additions which may or may not be permissible, depending on the exact 
purpose of the diet In this particular case the diet was correct as first 
submitted 

4 The fourth step consists in the preparation of a dietary For this 
patient we give three days’ diet as examples m Tables 2, 3 and 4 


TABLE 2 — Sample Diet 




i 

1 

1 Milk, 

Potato, 

Bread, 

Butter, 

Date 



! Lggs 

1 

t 

' c c 

gm 

gm 

gm 



Baited potato 

mui 


100 

48 

14 


1 Breakfast 

Toast, butter, milk 

Soft cooked egg 


200 





1 

Bread, butter, milk 
Escalloped spaghetti with 

SB 

225 


48 

14 

12 

2 (oil) 

1 

Dinner 

egg 

Lettuce (dressed) 


65 



19 ! 

! 


Ice cream 


176 


i 




Soup 

1 

200 

200 


14 

14 



Baked stuffed potato 

% 

20 

56 


Supper 

Bread, butter, milk 


225 




Baked custard 

Grape fruit 

% 

100 





Total for the day 

4 

1,200 

300 

152 

70 


Besides vegetables and fruits and small amounts of sugar, flour, condiments, etc 
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TABLE 3 — Sample Diet 



i 




Potato, 

Bread, 

1 

) Butter, 

Date 



Eggs 

im 

em 

gm 

1 em 


1 

! 

; Toast, butter, milk 


200 


•18 

' 12 


Breakfast 

Oream toast 

Omelette 

1 

125 


24 

1 7 

1 



1 

1 

, Asparagus soup 1 


200 



1 7 



Potato salad 



200 


, 2 (Oil) 

20 

Dinner 

Baked stuffed egg 

! 1 

75 



1 7 



Bread, butter, milk ’ 

Lemon souffle 

! « i 

200 ! 


48 

12 


1 

Poam sauce 

1 





1 

1 



1 1 

Oream of potato soup 
Croutons 


200 i 

t 

100 

32 ! 

1 9 


Supper 

Toast, butter, milk 


200 j 


24 

14 



Dropped egg on toast 

Cut fruit 

1 

1 

i 

! 

24 I 



I Total for the daj I 

i 

4 ! 

1 

1,200 ' 

soo j 

200 

70 


Besides vegetables and fruits and small amounts of sugar, flour, condiments, etc 



TABLE 4 

— Sample 

Diet 







1 

Milk, 

Potato, 

Bread, 

1 Butter, 

Date 



1 Eggs 

! 

c c 

sm 1 

1 

gm 

i gm 

1 



Toast, butter, milk 

1 ' 
1 

200 

1 

48 

14 


Breakfast 

Grape fruit 

1 







Scrambled eggs 

1 ^ 

20 

! 

i 


7 

1 

1 

1 

Soup, toast 

i j 

200 

1 

1 

24 


1 


Baked potato 

1 


20u 



21 

Dinner 

j Egg with tomato salad 

1 1 

1 



2 (oil) 



1 Bread, butter, milk 


200 


24 

12 


1 

1 Ice cream 

1 

1 

1 

1 ICO 




i 

1 

1 ; 

j Soup 


200 



7 

Supper 

Potato soulli 

, k I 

20 

200 


7 


1 Bread, butter, milk 

‘ J 

200 


G4 

14 


j Orange fluff 

34 ‘ 

- ( 

f 

t 1 





' Total for the dav 

I 

4 

l,2ro 

4''i0 

ICO 

7k» 


Besides vegetables and fruits and small amounts of sugar flour coadimrats, etc 


We intend to make this question of dietetics as carried out at the Robert B 
Brigham Hospital the subject of a separate publication and im 11 not, therefore 
go into an} more details here 

Urine The greatest care \\as observed in collecting the t/ent -four-* our 
quantities of urine This is a difficult task The number and 1 ind of acements 
and errors that can occur in quantitative urine collections can be appreciated 
onlv bv one who has made a special stuov of this subject I» s our * chef 
that the results of urine anaKsis ofTcrea m the I tera^urc v tnout accorrpar - 
ing creatmm determinations as evidence of c:Tiplc‘''ncss o* olkc’ are of 
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little value Belief in the good intentions and trustworthiness of the nurse 
cannot replace creatinin determinations With the most expert assistance, and 
•with the most rigid sjstem, losses and unexplainable accidents will occur 
Since we intend to make this whole question of urine collection the subject of 
a separate publication, we will not go into details here further than to sav 
that three factors arc essential 

1 Creatinin determinations 

2 The closest oeersight possible, supplemented by complete detailed w'ard 
reports concerning all the happenings to the patient wTittcn and signed b\ 
the nurse in charge (such reports ser\c as the basis of an investigation and 
often give the clue to the cause of irregularities disclosed b> creatinin 
determinations) 

3 Hearty cooperation in instituting, modifying, and carrying out the whole 
regime, the facilities for which arc unusuallj good at this hospital 

The patient w'as kept in a room about 20 feet from the laboratorj He 
w'as not allowed to leave the room and all visitors except the day and night 
nurse in charge excluded The regime to be carried out was explained to the 
nurses both by myself and by the superintendent of nurses and minute type- 
WTittcn directions gnen besides Urine was collected from 7 a m to 7 a m 
in special bottles containing a small amount of chloroform and alcoholic 
thymol solution as preservatue The bottle was kept right beside the patient’s 
bedside in a box that was not unsightly or conspicuous The urine secreted 
during the night w'as voided at 6 a m and then the bladder completely emptied 
again at 7 a m In order to avoid losses at stool, the patient W'as instructed to 
void each time before emptying the bow'cls He was asked each time by tlie 
nurse if he had remembered to void in ad%ancc and also if he had lost any 
urine while evacuating the bow’cls Reports similar to the one in Table 5 
w'ere sent to the laboratory each day with the urine 

TABLE 5 — S\MPLE or Daily Rlport 


Patient's Name, Jlr X Date, Oct 22, 7 a m to Oct 23, 7 a m 


Urine ! 

! 

Peces 

Pood 

E’ttra 

Nurse 



7 30 a m , orange, egg 

No accident 

I 


j 


on toast, butter and 
milk 


1 

1 


9 a m 

No stool 


No accident 



No urine 

9 05 a m 


No accident 



11 25 

No stool 


No accident 



12 10 

No stool 


No accident 



No urine 

! 

12 15 ! 

j 

12 30 p m , potato 
soup, cheese, salad, 
bread, butter, pota 

No accident i 

1 

i 




to with rice with 
egg sauce 




3 45 

No stool 

5 30, celery soup, bread. 

No accident 

7 SO a m 

to 7 SO p m 



butter, milk, toma 
to, macaroni 


Miss A 

E B 

to 7 SO a m 

9 15p m 

No stool 


No accident 

7 30 p m 

3 15 a m 

1 No stool 


No accident 

Miss M 

A B 

6 15 a m 

No stool 


No accident 



7 00 a m 

j No stool 

i 

No accident 




The methods of analysis used were the followung 
Urine 

Creatinin Folin’s method, described in Journal of Biological Chemistry, 
1914, xvn, 470 

Creatin Folin’s original method of heating the urine with HCl for three 
hours on the water bath and determining creatin plus creatinin 
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Uric Acid Folin and Denis’s method described in Journal of Biological 
Chemistry, 1913, xiv, 97 

Total Nitrogen Kjeldahl method 

Calcium Magnesium McCrudden’s method described in Journal of Bio- 
logical Chemistri’-, 1911, x, 187 
Blood 

Nonprotein Nitrogen Folin and Denis’s method described in Journal of 
Biological Chemistry, 1912, xi, 529 

Creatinin and Creatin Folin and Dertis’s method described in Journal of 
Biological Chemistr}’’, 1913, xiii, 469 

Glucose Lewis and Benedict’s method described in Journal of Biological 
Chemistry, 1915, xx, 61, as modified by Myers and Fine in their pamphlet on 
Chemical Composition of the Blood in Health and Disease, New York, 1915 

Uric Acid Folin and Denis’s method, described in Journal of Biological 
Chemistry, 1913, xiii, 469 

Cholestenn Authenneth and Funk’s method, described m AInnchen med 
Wchnschr, 1913, lx, 1243 

The urine and blood examinations were all made in duplicate, except the 
sugar determinations, which were made in triplicate 

THE riNDINGS 

Uiine Examinations — The twenty-four-hour quantity of urine 
vaiied in amount from 920 to 1,450 c c , it was slightly acid to litmus 
paper It was made up each day to 1,500 c c , examined qualitatnely 
for sugar, acetone, diacetic acid and albumin (these compounds were 
always absent) , and quantitatively for creatinin, creatin, uric acid 
ammonia, calcium, magnesium, and nitrogen The results will be 
found in Table 6 


TABLE 6 — ^Urine Examinations 


Date 



Great 

Inin 

1 

Crea 

1 tin 

i Uric 
j Acid 

1 Total 
Nitrogen 

1 

Ammonia' 

Nitrogen 

Cal 

cium 

'Mngno 

1 Elum 

1 

i 

1,230 

1 020 

1 508 

0 030 

1 

0SS8 

1 

12 72 

0 281 

0 3='’ 

0 OO".' 

1 

2 ' 

1 1.020 ' 

1 025 

1 483 ' 

0283 

0 447 

’ 13 04 , 

0 240 

0 404 

oao 

3 

020 j 

1029 

j 1 503 

0 316 

0417 

14 03 ' 

0 270 

0 411 


^ , 

1,200 1 

1023 ' 

‘ 1 481 

0 5'>9 

0 417 

1 15 30 


0 477 

0 0'<l 


1,180 1 

1022 

1 

! 1 4e3 

0 024 

0 353 

14 34 




C 

1,230 1 

1023 

I 1 480 

0 578 

0 445 

13 £'1 




7 ' 

1,450 ; 

1021 

1 481 

0 400 

0 403 

142'C 




8 

1,100 

1027 

1 474 

0 448 

0 451 

13 03 





Creatinin The creatinin in the urine aicrages 22 6 mg per 1 ilo 
body weight, which is normaP It is \ery constant from d-av to d< . 
show'ing how completely and carefully the urine wa= saAcd The 
\anations from day to day were unusiialh slight, tht\ rrc e-rdmard' 

1 In a c-’sc of pseuaoinpcrtrophic musculrr d..sirop' CTi e 

Excrilion of Great. nm in a of Psct dolr pcrrophsc IP-cuu- lL'’r;p 

Diochc.n Zicch’' 1907 2tl6> foxr d low c'ftm.n oc"C‘’C 
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greater than found in this case But we should like to point out — as a 
result of abundant experience — ^that when the twenty-four-hour quan- 
tities of urine are completely collected and the diet is constant and 
free from creatinm-producing substances, the excretion of creatinin 
IS very constant, the variations being not moie than 0 02 or 003 gm 
per day from day to day 

‘Creatin Creatin is present in large quantities This is abnormal 
By this method of creatin determination, which, we are convinced, is 
more reliable than the newer methods that appear to show traces of 
creatin even in normal urine, normal urine shows no creatin whatever 
Ammonia The ammonia is normal in amount This is significant 
Othei conditions in which creatin has been found present are asso- 
ciated with high ammonia excretion In this case the low ammonia 
and absence of acetone and diacetic acid shows that we are dealing 
with a case of creatin-urea not accompanied by acidosis 

The uric acid, total nitrogen, calcium, and magnesium show no 
marked abnormalities, though the latio of calcium to magnesium is 
rather high 

Blood Examinations — Blood examination showed the results set 
forth 111 Table 7 


TABLE 7 — Blood Examinations 


1 

Mg Per 100 Gm 

Oreatimn 

1 43 

Creatin 

3 86 

1 

Nonpretem nitrogen 

28 9 

tTric acid 

2 30 

Glucose 

P 073 per cent 

Oholestenn 

0 050 to 0 144 per cent 


Glucose The glucose in the blood is low Methods for the 
accurate quantitative determination of glucose in small amounts of 
blood have been available within only a very short time Examination 
by these methods shows that the normal amount of glucose in the blood 
varies within very narrow limits and Allen^ has pointed out that 
approximately the normal percentage is stubbornly maintained 
throughout prolonged starvation, almost up to death By the method 
we used the variations are from 0 09 to 0 11 per cent according to 
Lewis and Benedict from 0 09 to 0 12 per cent according to Myers 


2 Allen Glycosuria and Diabetes, 1913 

3 Lewis and Benedict Jour Biol Chem , 1915, xx, 61 
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and Fme^ Our figuies show an average of 0 073 per cent (0 0731, 
0 0717, and 0 0747 per cent m three determinations) 

Cholesterm The cholesterm is very low Of twenty-five detei- 
minatioiis of cholesterm which we made m various other diseases all 
but four showed between 0 19 and 0 26 per cent The foui exceptions 
showed 0 17, 0 17, 0 14, and 015 per cent , respectively 

The nonprotem nitrogen, uric acid, creatmin, and creatin content 
of the blood show no abnormalities 

DISCUSSION 

The striking abnormalities were, then, a low glucose and cholesterm 
content of the blood, and the presence of cieatm m the urine 

The a eahn m the urine suggests some abnormality of the glucose 
metabolism It is found m the mine m conditions like diabetes and 
starvation when sugar is not being properly oxidized, and m such 
cases IS usually associated with acidosis In the present instance the 
normal ammonia excretion and absence of acetone and diacetic acid 
from the urine show that we are dealing with creatmuna without 
acidosis 

The low cholesfciin content of the blood has no definite significance 
111 the piesent state of our knowledge of the physiology of tins sub- 
stance The most that can be said is that it makes us think of the 
possibility of involvement of the adrenals, a possibility that is still 
further indicated by the hypoglycemia 

The association of muscular weakness with hypoglycemia is strik- 
ing, for we know that the muscle gels its power through oxidation 
of sugar, and a low sugar content of the blood might be looked on 
as sufficient cause for muscular w^eakness Many investigators ha\e 
demonstrated the power of sugar to make exhausted muscles capable 
of more work, the subject, ivith literature, is discussed by Furth and 
Schwaiz ° A direct relationship between muscular weakness and hypo- 
glycemia has been noted by different investigators M'Tiland,'^ using 
a Gartner ergostat, had several of his colleagues do severe musculai 
work, almost to the point of exhaustion, and determined the glucose 
content of the blood before and after the wmrk In every case there 
was a deciease m the glucose content of the blood, the a\cragc decrease 
being 27 per cent In three cases of Addison’s disease — a condition 

4 M^cr*; and Fine Chemical Composition of the Blood in Health and 
Disease, New York, 1915 The results b} older methods are less to be 
'•elied on 

5 Furth and Schwarr Ueber die Steigerung dcr Lcisticngsfrihickcit dcs 
Warmbhitermuskcls durch gc'^inmmgsbcfordcmdc Muskelgifte, Pfiucer s Aren 
f d ges Plnsiol, 1*^"* cx\i\, 525 

6 Y eiland Ueber den Ein{lu«« ermudender Muskclarbe,l ar' oca Blut- 
ruckcrgchalt, Arch i caper Padi u Phar.nakoU 1907-0S, >cn. 223 
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characteiized by intense muscular weakness— quantitative determina- 
tions of the glucose content of the blood by Forges' showed 0 052 pei 
cent , 0 033 pei cent , and 0 067 per cent — all very low results Poiges 
followed this point further in experiments on animals Fie removed 
the adrenals fiom several dogs and compared the glucose content before 
and a few hours after the opeiation FIis figures are as shown in 
Table 8 In every case theie was a decrease in the glucose content of 


TABLE 8 — Glucose Content Beeore and Alter Removal of Adrenals 


i 

Per Cent 
Before 

Per Cent 
After 

Dog 1 

0 25S 

0 0058 


C103 

0 0057 

Dog 2 

0120 

0 033 

Dog 3 

0 0S4 

0 066 

Dog 4 I 

0 092 

0 044 


the blood Mayer® had pieviously reported a fall in the blood sugar 
content in cats after removal of the adrenals This association of fall 
m blood sugar content with muscular asthenia and decrease in adren- 
alin IS quite in harmony with the fact pieviously observed by Batteh 
and Boatti® and by Schur and WieseP® that the epineph'rm content 
of the blood of dogs decreases when these animals are made to undergo 
exhausting work on a treadmill An association between muscular 
asthenia and hypoglycemia has been noted in a case of dyspituitarism 
and in atrophied babies In Cushing’s^^ book on the hypophysis there 
IS a case history of a man suffering from dyspituitarism, showing 
marked muscular asthenia and low blood sugar (0039 and 0 053 per 
cent in two determinations) FranlF“ observed in three atrophied 
babies, respectively, 0 046 per cent , 0 040 per cent , and 0 050 per cent 
blood sugar (0 10 to 011 per cent is the average figuie for normal 
babies) 

Muscular asthenia alone, secondary to some other condition, is not 
necessarily accompanied by hypoglycemia Through the kindness of 

7 Forges Ueber Hypoglykamie bei Morbus Addison sowie bei neben- 
nierenlosen Hunden, Ztschr klin Med , 1909-10, Ixix, 341 

8 Mayer Ablation des surrenales et diabcte pancreatique, Coinpt rend 
Soc de biol , 1908, Ixiv, 219 

9 Battelli and Boatti Influence de la fatique sur la quantite d’adrenalme 
existant dans les capsules surrenales, Compt rend Soc de biol , 1902, liv, 1203 

10 Schur and Wiesel Beitrage zur Physiologic und Pathologic des chro- 
maffinen Gewebes, Wien khn Wchnschr , 1907, xx (2), 1202 

11 Cushing The Pituitary Body and Its Disorders Phila , 1910, p 130 

12 Frank Ueber einige Grundtatsachen aus der Physiologic des Blutzucker 
nebst methodisher Vorbemerkungen, Ztschr f physiol Chem , 1910-11, Ixx, 1 9 
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Dr Goldthwait we had an opportunity to examine the blood in two 
\ery rapidly progressing cases of chronic arthritis of the infectious 
type, one of them of less than Uvelve months’ duration, the othei of 
less than six months’ duration In both cases there was a \eiy maiked 
w^asting of the muscles Examination shoAved 0119 per cent and 
0 120 per cent blood sugar, respectively, in the two cases The sig- 
nificant feature in these cases was not muscular weakness alone, but 
rather muscular wasting 

As to the cause of the low sugar content of the blood, two possi- 
bilities may be imagined 

1 Hypoglycemia can be brought about by a lowered threshold a aluc 
for excretion of glucose through the kidneys — renal diabetes Thus 
the sugar content of the blood can be loAvered by the administration 
of phloridzm, a drug Avhich increases the permeability of the kidney 
foi glucose and causes glucosuria With the patient Ave had undei 
obserAation the fact that glucose Avas absent from the urine excludes 
this as a possible cause of the hypoglycemia 

2 Glucose IS constantly passing from the blood into the muscles 
to undergo oxidation , this loss is made up by the introduction of 
glucose into the blood from the glycogen store m the liver, and h}po- 
glycemia can be brought about as the result of loss of balance betAveen 
the rate at Avhich glucose is introduced into the blood and the rate at 
AAhich it disappears from the blood into the muscles This regulation 
of the rate of formation of glucose from glycogen is under the control 
of the adrenals, the pituitary body and the thyroid gland adminis- 
tiation of these substances or stimulation Avhich increases the amount 
of adrenal principle in the blood leads to hyperglycemia That the 
cause of hypoglycemia in Addison’s disease and after removal of the 
adrenals is associated Avith a decreased formation of glucose from 
glycogen is CAident from the experiments of Porges,^^ who showed that 
after remoA^al of the adrenals from dogs the liver becomes practically 
free from glycogen Porges^^ folloAsed the subject still further ana 
noted that adrenal principle increases not only the rate of formation 
of glucose from glycogen, but also the rale of formation of gheogen 
from glucose, so that AAhen the adrenals are diseased the Incr loses 
its poAA'er to store glycogen Frank and Isaac,^*^ furthermore, haAC 
shown that the InpoglAcemia resulting from phosphorus poi^oninsr 
re'^ults from a loss of jiOAAcr of the Incr to store glycogen 

13 The literature on this subject is \oluminou': 

14 Forges L'eber ]>ogb kainic bei Mornus \ddisnn sov le bci nciicnnieren- 
loscn Hunden Ztschr i kliii Med FOP-IO hi',341 

15 Forges Zur F itliologie ac' Morbus Add. son II UcuC’- GI. i o?en- 

'chnuricl meh doppeKc'tigcr Xcbennicre.ic' tirpalion Dei Hu^aer, f 

Uin Med 1910 Kx 2-11 

Id Fr-iiA and Is'xc Ueuer das Me'^en des ut'tfrte.i tclisc^s bci de- 

Ft o«pnor\ ergifumc \rc!j i e^ptr F nb i Fn-^r^n o] 1910 i\ 27- 
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The possibility that the low sugar content of the blood in our case 
might be due to inability to store glycogen as effectively as normally, 
led us to determine the glucose content of the blood after a short period 
of starvation Normally, as fast as the glucose of the blood is oxidized, 
a continuous new supply resulting from glycogenolysis maintains the 
glucose of the blood at its normal level, starvation and ingestion of 
food has but little effect on the glucose content of the blood Any 
interference with glycogen storage might become apparent by a fall 
of the glucose content of the blood after a short period of starvation 
It was not our purpose really to starve the patient, but merely, by 
omitting a meal, to exclude the effect of food on the glucose content 
of the blood, the patient was asked merely to omit his breakfast on 
one day He went without food from 6pm one evening until noon 
the next day, when blood was again taken for examination The 
glucose content was 0 064 per cent (triplicate determinations showed 
0 0651, 0 0628 and 0 0637 per cent, respectively) at this time — decid- 
edly lower than when previously taken The decrease is at least sug- 
gestive, though not of course to be taken as definite indication of any 
disturbance in glycogenolysis 

Another fact of interest to be mentioned here is the relationship 
between loss of power to store glycogen and fatty transformation In 
one of his experiments on dogs Forges^® noted that during the opera- 
tion of removing the adrenals the liver was normal, at necropsy, 
shortly afterward, it was observed that the liver had undergone fatty 
transformation, in other words, fat was stored instead of glycogen 
A similar observation is recorded by Frank and Isaac these investi- 
gators noted that the loss of power of the liver to store glycogen which 
results from phosphorus poisonmg was accompanied by a storage of 
fat instead The fact noted by Cushing^^ that fatty transformation of 
the liver cells accompanies states of hypopituitarism — another condi- 
tion associated with muscular weakness and hypoglycemia — may be 
mentioned in this connection In view of these facts showing a rela- 
tionship between hypoglycemia, fat storage and loss of power to store 
glycogen, the significance of the deposition of fat in the muscle cells 
in cases of pseudohypertrophic muscular dystrophy becomes apparent, 
the fat storage may well be due to an inability of the muscle to exer- 
cise its normal function of storing glycogen, fat instead being stored 

TREATMENT 

In view of the facts connecting hypoglycemia, muscular asthenia 
and diminished activity of the adrenals and hypophysis. Dr Spear 
suggested the use of epmephrin and pituitary extract for treatment 
A detailed report of the treatment and its results will be made else- 
where The point to be brought out here is the relationship between 
improvement in the physical condition and the increase in blood sugar 
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Improvement m h'ealth, strength and weight was prompt and maiked, 
and, with the improvement, the sugar content of the blood rose first to 
0 080 per cent then to 0 099 per cent , the latter a normal amount 
An increase m the cholesterm content of the blood accompanied the 
mciease m sugar content, with 0 080 per cent sugar the cholesteim 
content was 0 177 per cent, with 0 099 per cent sugar the cholesterm 
content was 0 211 per cent , the latter a normal amount 

As a prehminaiy to leaving our care entirely and returning to his 
home, the patient was allowed to leave the hospital and do much as he 
pleased m the city At the end of a week his condition showed no 
change, the blood sugai showed a slight diop to 0 087 per cent, a 
figure which is only slightly below the noimal average 

It may be wise here to warn for the present against any attempts 
to treat such conditions by intravenous administration of glucose a 
form of tieatment that might natuiall}'- suggest itself UndeihilF® tried 
tMs form of tieatment on thiee dogs which showed hypoglycemia and 
muscular asthenia as a lesult of hydrazin poisoning, the animals all 
died within a few hours 


SUMMARY 

In a case of piogressive muscular dystrophy, the creatmin excretion 
was normal, laige amounts of creatm were found in the urine, the 
ammonia excretion was low, there was no evidence of acidosis, the 
amount of sugar m the blood was low , the cholesterm content of the 
blood was low A relationship between sugar content of the blood 
and ingestion of food suggested the possibility of a decreased povei 
to store glycogen Treatment which increased the glucose and choles- 
terin content in the blood led to improvement in the clinical condition 
We intend to follow this subject furthei But since this disease 
is not common, our present results are published in order to call atten- 
tion to the dcsiiabiht} of determining blood sugar in other ca'^es of a 
similar nature If confiimed in other cases, the association of ii}po- 
ghcemia and muscular asthenia in this disease is, of course, of srreat 
significance in the ph}siolog} of carboh}dralc metabolism 
Robert Breck Brigham Hospital 

17 T^\o months after IcaMiig us ^\e rcccncd ,i letter from the patient v,ho 
IS in 1 distant part of the countr\, statinc that he had continued t''l'ing epi- 
nephrm and pituitare extract, that he Ind trained much in v. citrht and strenutn 
and that his muscles e\orc larger and firmer 

IS Underhill Studies in Carbolndrate Metaboh'-m I 1 ne Influence oi 
Hedrann upon the Organism e\ith Special Reference to the Bleed Si g - 
Content, Tour Biol Chem 1*^11-12, x 15^ 



A CLINICAL STUDY OF DELAYED GASTRIC EMPTYING 

BASED ON 185 CONSECUTIVE CASES OCCURRING IN AN UNSELECTED 
SERIES OF 1,600 PATIENTS WITH DIGESTIVE SYMPTOMS' 

I H LEVY, MD 

Associate Professor of Clinical Medicine, College of Medicine, 
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AND 

J L KANTOR, MD 

SYRACUSE 

] OBJECT OF STUDY, MATERIAL, METHOD 

The object of our study was to deteruune the general incidence, 
and, as far as possible, the actual causes of delayed emptying of the 
stomach as met with in general practice For this purpose we reviewed 
the records of 1,600 patients complaining of disturbances of digestion 
Not all of these were suffering from actual lesions of the digestive 
tract Many patients, as might be expected, had their primary source 
of trouble in other systems, such as the pulmonary, cardiorenal, or 
nervous 

The diagnosis of delayed emptying was made from the evidence 
furnished by tube or Roentgen-ray examinations, or both For the 
tube test, the patients were asked to eat an “ordinary dinnei” of soup, 
potato, meat, bread and butter, and a simple dessert such as rice pud- 
ding As substitutes for such a meal, where necessaiy, we employed 
a “breakfast” of eggs, toast and cereal, or a “light lunch” (omitting 
meat , otherwise the same as the dinner) A stomach residue obtained 
seven hours after the dinner/ six hours after the lunch, or five hours 
after the breakfast, was regarded as pathological The actual choice of 
food was always left to the patient, our purpose being to have him 
select a meal that he would ordinarily (namely, when well) dispose of 
without symptoms Moreover, the patient was simply instructed to 

■' Submitted for publication Jan 12, 1916 

1 The reason for taking seven hours as the outer limit of the normal is, 
first, because it is known that the normal stomach digests food ordinarily con- 
sidered difficult m less than six hours , and secondly, because our meals are so 
arranged that rarely over six hours elapses between them The normal stomach 
is no doubt capable of considerable latitude in the quantity of food it can hold 
The weak or sick stomach, on the other hand, objects to undertaking the diges- 
tion of the new meal before it has disposed of the old The symptoms may be 
due either to the increased load or to the disturbed chemistry, the gastric 
secretions at the end of digestion being different from what they are at the 
beginning 
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take the meal m question, and to present himself after the appropriate 
interval, not having partaken of food or drink in the meantime The 
exact nature of the examination was usually not disclosed Finally, 
as the tube had generally been passed at least twice before (aspiration 
of fasting stomach and of Ewald test breakfast), it is believed that the 
psychic factor was reduced to a minimum 

The Roentgen-ray diagnosis of the condition was made from a 
visible residue six hours after the ingestion of the Rieder meal In 
our earlier cases we used 50 gm of bismuth subcarbonate in 300 gm of 
cereal Subsequently we employed 100 gm of barium sulphate in cereal 
or in 500 cc of buttermilk In accordance with other woi leers we 
found the emptying time of all of these combinations to be practically 
the same under similar circumstances 

We believe that the Roentgen-ray investigation of gastric emptying 
should always be supplemented by the use of the stomach tube^ after 
the administration of “natural” motor meals as suggested above 
Since our adoption of this practice we have discovered the existence 
of delayed emptying in a surprisingly large number of individuals who 
got rid of their opaqe meal within the normal time limits These cases, 
which numbered thirty in our series, or about 21 per cent of the total, 
have been indicated by a star for more ready differentiation in the 
accompanying large table To be sure they represent the milder forms 
of delay due generally to pyloric spasm (occasionally to atony of the 
stomach), and not to actual obstiuction Although of little interest to 
the surgeon they are of great importance to the patient, and their exis- 
tence should be borne in mind by the student of this condition 

II THE INCIDENCE OF DELAYED GASTRIC EMPTYING 

General Incidence — In our total of 1,600 cases presenting gastric 
symptoms, delayed emptying of the stomach occurred 185 times, a gen- 
eral incidence of 11 5 per cent® 

Sex Incidence — The sex and age incidence were computed from a 
total of 898 gastro-intestinal cases examined rofintgenologically Of 
the 483 men m this group, 78, or 16 1 per cent , showed delay Of the 

2 Bassler (Diseases of the Stomach and Upper Alimentary Tract Phila, 
F A Davis Co , 1913, p 213) and Cole (Relation of Lesions of the Small 
Intestine to Disorders of the Stomach and Cap as Observed Roentgenologically, 
Am Jour Med Sc , 1914, cxlviii, 92) have recommended the addition of an 
opaque substance to an “ordinary” meal, and employ only the Roentgen ray in 
this diagnosis 

3 For tlie purpose of more careful study and for the compilation of some 
of our data, we selected from the total 185 cases, 141 which were studied 
roentgenographically These will be referred to hereafter as the “Roentgen-ray 
series ” Protocols of these cases are given in tabular form at the end of the 
article (Table 2) 
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415 -women, 63, or 151 per cent, were slow m emptying their 
stomachs This slightly greater fiequency in man is perhaps due to 
the higher incidence of duodenal ulcer 

Age Incidence — Of 464 patients under 40 years, 62, or 13 3 per 
cent , showed delay, whereas of 252 men 40 or over, 48, or 19 per cent 
incidence was 79, or 18 2 per cent The distinctly greater frequency in 
later years is explained possibly by the practical limitation of cancer 
to that period of life In addition, obstructing ulcers are more fre- 
quent as age advances 

Age and Sex — The distribution of the delay cases in regard to both 
age and sex was as follows Of 231 men under 40, 30, or 12 9 per 
cent , showed delay, whereas of 252 men 40 or over, 48, or 19 per cent , 
came under this head Of 233 women under 40, 32, or 13 7 per cent , 
showed delay, whereas of 182 women 40 years or over, 31, or 17 6 per 
cent , were slow in emptying their stomachs For some reason delayed 
gastric emptying seems to be more common in women than in men 
under 40 years, a finding not in accord with the generally higher inci- 
dence in the male sex 

III THE CHIEF FACTORS INFLUENCING GASTRIC EMPTYING 

The chief factors influencing gastric emptying may be enumerated 
categorically as follows 

1 Shape of stomach 4 Acidity of gastric juice 

2 Character of meal 5 Nervous factors 

3 Tone of stomach 6 Mechanical obstruction 

Shape of Stomach — As a general rule it is safe to say that the 
nearer the pylorus is to the lower pole, the sooner will the stomach get 
rid of its contents Thus, a cow-horn stomach (pylorus at lowest point) 
will empty itself of the Rieder meal m two to three hours As the fish- 
hook type is approached, the time lengthens to four or five hours O'l 
the other hand, that a high placed pylorus (so-called water-trap 
stomach) will in itself cause pathological increase in the emptying 
time IS, to say the least, not easy to prove Theoretically, of course, 
it may be possible, and it has recently been claimed (Satterlee and 
LeWald*) that the water-trap stomach may be a rather prominent 
factor in producing delayed gastric emptying We have carefully 
studied and measured over 350 plates with this point in view, but have 
been unable fully to confirm this finding In only one of our 185 case^ 
was a water-trap stomach the only pathological condition present, and 

4 Satterlee, G R , and LeWald, L T One Hundred Cases of Water-Trap 
Stomach, Jour Am Med Assn, 1913, Ixi, 1340 
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we are forced to conclude, therefore, that in most, if not all, cases of 
“hypomotihty” associated with the peculiarity in question, the cause 
of the delay must be sought for m some other factor than m the abnor- 
mal shape of the organ , 

Charade') of the Meal — The amount, chemical nature, and physical 
form of the food selected, each play an important role m determining 
the emptying time Thus, an opaque meal of the ordinary bulk leaves 
the stomach sooner than a full dinner , carbohydrates leave sooner than 
proteins or fats , fluids sooner than solids 

To')ie of Stomach — Normally the stomach “grasps” its contents 
firmly, and is seen roentgenographically to be filled to the cardia This 
so-called peristaltic function of Stiller is impaired m muscular weak- 
ness (atony or myasthenia gastrica) The Roentgen-ray appearance in 
this condition is characteristic The stomach is generally, though of 
course not necessarily, ptosed, the Maqeiiblase long and pyriform , the 
pars media is the narrowest portion of the organ, the walls often being 
in contact Both the’ transverse and vertical diameters through the 
mcisura angularis are excessive In contrast to the normal state, the 
stomach looks and fills like a sack The peristalsis is generally, though 
not necessarily, diminished, the essential feature, however, is the 
inability of the organ to accommodate itself to the size of the load 
Atony of the circular fibers, in which the stomach enlarges laterally 
instead of longitudinally (Todd^), is probably of less clinical impor- 
tance than the type just described 

Atony IS rightly regarded as a prominent cause for the inability of 
the stomach to propel its contents forward Of 240 cases of atonic 
stomach, 73, or over 30 per cent , failed to expel the Rieder meal in the 
proper interval Conversely, over one-half (54 6 per cent) of the 
Roentgen-rayed cases of delayed emptying showed atony In many 
instances (see Section IV) this was the most prominent, and very 
often the only, organic finding 

Acidity of Gastnc Juice — Although this factor might theoretically 
be grouped under the head of nervous influences, it seems better for 
practical purposes to consider it in a section by itself Generally speak- 
ing, the less the acidity, the more rapid the emptying, and the higher the 
acidity, the slower the emptying Thus, in “anacidity” we speak of a 
loss of the pyloric reflex, and m “hyperacidity,” of a spasm of the 
pylorus 

In order to obtain a more precise idea of these relationships we 
calculated the incidence of dela3’-ed emptying in our “anacidit}’-” cases 

5 Todd, T W The Clinical Anatomy of the Gastro-Intestinal Tract New 
York. Longmans Green & Co , 1915, p 89 
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on the one hand, and m our “hyperacidity” cases on the other, and com- 
pared these findings with the general incidence of delayed gastric 
emptying 

Of 154 “anacidities” 14, or 9 per cent , showed delay, of 748 “hyper- 
acidities” 78, or 10 4 per cent , showed delay However, the interfering 
influence of obstruction, at least, should be considered Making a rough 
correction for this factor by subtracting from each group those cases 
showing the presence of food in the fasting stomach, the figures become 
4 5 per cent for the former, and 9 4 per cent for the latter Thus the 
incidence of delayed gastric emptying is twice as great m nonobstruc- 
tive “hyperacidity” cases as it is in nonobstructed stomachs with 
“anacidity ” 

N'eivoxis Factors — The nervous system may influence the emptying 
of the stomach in two possible ways The first and most important is 
by the closure of the pyloric sphincter in response to some irritant In 
many, though by no means in all, cases, the expression of this irritant 
seems to be an “increased acidit}’’” of the gastric juice Clinically, 
spasm may arise directly from causes within the stomach, such as ulcer, 
or “reflexly” from causes without the stomach, as in disease of the 
gallbladder Roentgenoscopically, pylorospasm is often associated with 
hyperpenstalsis 

Another type of nervous disturbance connected with retarded pro- 
pulsion IS that which occuis in fatigue, emotional states, or intoxica- 
tions This is to be distinguished from the first type in that the cause 
IS geneial or systemic and the pathological condition is probably one 
of entire inhibition of gastric activity Thus, it has been shown that 
in frightened animals the secretory as well as the motor functions are 
held in abeyance This point will be discussed further (Section V) 

Mechanical Obstruction — Foreign bodies, hair balls, for example 
seem seldom to obstruct the lumen of the stomach sufficiently to cause 
delay in emptying Within the wall of the stomach the most frequent 
causes are new growths or cicatrized or indurated ulcers at the pylorus 
Edema of the gastric wall as a result of ulcer is a possible cause of 
delay, though clinically this cannot be distinguished from spasm The 
chief extragastric factors are tumors or adhesions usually located in 
the neighborhood of the pylorus These may of course act reflexl)^ by 
interference with the nerve supply 

IV THE IMMEDIATE OR ACTUAL CAUSES OF DELAYED GASTRIC 

EMPTYING 

For all practical purposes, there are but three immediate causes of 
delayed gastric emptying They are, in the order of their frequency, 
spasm, obstruction, and atony Their respective incidence in our 
Roentgen-ray senes was as follows 
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Spasm 

Obstruction 

Atony 

Undetermined 


Per 

Cases Cent 

83 or 58 8 
30 or 21 2 
24 or 170 
4 or 2 8 


Naturally, two or even all three of these causes may be present at the 
same time In computing the foregoing figures only the most promi- 
nent cause was used in each instance 


V DISEASES PREDISPOSING TO DELAYED GASTRIC EMPTYING 

The clinical conditions met with, and perhaps responsible for, the 
delayed gastric emptying in our entire series of 185 cases, are presented 
in the accompanying table (Table 1) Unfortunately, we were unable 
to control these findings in many instances by repeating the tests after 
the presumptive cause was removed Although the individual diagnosis 
may be open to objection, we feel that our conclusions in general are as 
nearly accurate as work done under the conditions of ordinary practice 
will permit It should be mentioned also that the groups into which 
our cases are divided are not necessarily mutually exclusive Thus, 
many of the patients presented more than one of the seventeen condi- 
tions or diseases considered in the table For the sake of simplicity, 
however, only the most prominent condition was considered in each 
case in working up the material 


TABLE 1 — Clinical Diagnosis in 185 Cases of Delayed Gastric Emptying 





Per 




Per 


Disease 

Cases 

Cent 


Disease 

Cases 

Cent 

1 

Ulcer 

75 

40 5 

10 

Chronic appendicitis 

2 

10 

2 

Diagnosis not clear 

25 

13 5 

11 

After gastro-enteros- 



3 

Unexplained high 




tomy 

2 

10 


acidity 

17 

91 

12 

Extragastric pressure 

2 

10 

4 

Autointoxication (in- 



13 

Carcinoma of colon 

1 

05 


cluding migraine) 

14 

75 

14 

Mucous colitis 

1 

05 

5 

Carcinoma of stomach 

14 

75 

15 

“Constipation” 

1 

05 

6 

Ptosis with atony 

13 

70 

16 

Nephrolithiasis ( ^) 

1 

05 

7 

Cholelithiasis 

7 

37 

17 

Apprehension neurosis 

1 

05 

8 

Adhesions (intestinal) 

5 

27 





9 

Tuberculosis (sys- 








temic, including 








pulmonary) 

4 

21 






Gastroduodenal ulcers seem to be responsible for about half the 
cases of delayed emptying Our incidence of 40 5 per cent represents 
a conservative estimate, since all doubtful cases were thrown into one 
of the two following groups A positive diagnosis of duodenal ulcer 
was made m thirty-eight cases, or in 50 6 per cent of the series 
Obstructing ulcers at the p 3 dorus (food in fasting stomach) occurred 
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twenty-five times, or m 33 3 per cent of the cases Thus a reasonably 
certain diagnosis of the situation of the ulcer was made in 84 per cent 
of the cases 

Cases of autointoxication with so-called bilious or migraine attacks 
foimed a fairly large group in the series Although welt known to 
special writers on the subject (an interesting chemical study of a case 
IS reported by Harley and Goodbody®), the frequency of the association 
of this condition with delayed emptying of the stomach is perhaps not 
fully enough appreciated The relief obtained by many of these patients 
from vomiting is a striking illustration of the intimacy of this relation- 
ship Just what this relationship is as regards cause and effect, we are 
not able to say All of our cases happened to be examined m the inter- 
val between attacks 

The carcinoma cases were of the obstructing type situated at the 
pylorus The colloid variety, which can be diagnosed readily, and in 
most cases only, by the Roentgen ray, is of course associated with 
gastric “hypermotihty ” 

The group designated “ptosis and atony” is of great interest It 
includes those cases of “asthenia universalis” so well described by 
Stiller The recognition and correction of both the underlying condi- 
tions completely change the outlook for many of these sufferers One 
of the women m this category was lactating at the time of the exami- 
nation It IS interesting to speculate how much this state had to do 
with the gastric delay As long ago as 1883, v Leube® pointed out 
that menstruation was in itself likely to increase the emptymg time 
of the stomach 

In two of the patients operated on for cholelithiasis a large, tense 
gallbladder was found It is possible that the delay may have been 
due to actual pressure as well as to reflex spasm 

The tuberculosis cases were made up as follows Three were pul- 
monary, two, strange to say, with achylia, the fourth was a case of 
bone tuberculosis A fifth case, with gastric ulcer, had lesions 6f the 
kidney and testicle If the “hypomotihty” in these cases is really due to 
the tuberculosis it may be assumed that the delay is brought about 
by a severe systemic intoxication This may therefore be an illustra- 
tion of the second type of nervous disturbance described m Section III 

Chronic appendicitis was not often met with in our senes We made 
a positive diagnosis m but two cases (1 per cent ), a rather low inci- 

6 Harley, V, and Goodbody, F W The Chemical Investigation of Gastric 
and Intestinal Diseases London, E Arnold, 1906, p 83 

7 Stiller, B Enteroptose im Lichte ernes neuen Stigma neurasthemeum, 

Arch f V erdauungskr , 1896, ii, 285 ti i. i 

8 A^on Leube, W Beitrage zur Diagnostik der Magenkrankheiten, Leutsen 

Arch f klin Med , 1883, xxxiii, 8 
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dence, but apparently in keeping with the findings of Carman and 
Miller ® 

A further comparison of our findings with those of the Mayo Clinic may be 
made from the following table 


Disease Incidence in “Hypomotility” Senes 

Carman and Miller Levy and Kantor 


Lesions of the appendix 

12 

10 

Lesions of the gallbladder 

50 

37 

Gastroduodenal ulcer 

570 

50 0 (estimated) 

Gastric cancer 

36 0 

75 

“Nonsurgical” conditions 


364 


In the two cases of delayed emptying following gastro-enterostomy, 
the indications for the operation were by no means clear m the first 
place 

The two cases of extragastnc obstruction were, respectively, an 
extensive retroperitoneal sarcoma m a negro, and a very large liver and 
spleen of undetermined etiology m a boy of 7 

Lesions of the intestine are supposed to cause gastric delay 
reflexly, perhaps through pylorospasm Our series includes, in addition 
to appendicitis, cases of adhesions, carcinoma of the colon, mucous 
colitis^® and severe constipation In all, lesions of the intestine were 
present in over 5 per cent of our cases of delayed gastric emptying 
The association of the phobias (apprehension neurosis) with diges- 
tive disturbances is no new observation Oppenheim^^ mentions an 
interesting case of astrophobia which presented the symptoms of weak- 
ness, nausea, and vomiting The patient’s 8-year-old son was not afraid 
of storms, but showed the same digestive disturbances as his mother 
Both of our patients were afraid of crowds One of the cases was 
associated with autointoxication We have records of seven other cases 
with digestive symptoms but without delayed gastric emptying A pos- 
sible explanation of the “hypomotility” in this condition may lie in the 
fact that the emotional state in these patients is in reality one of chronic 
fear, analagous to the acute fear induced in the animals observed by 
Cannon Here there was noted complete absence of peristalsis This 
seemed to be the case in one of our patients , in the other the peristalsis 
was hyperactive 

9 Carman, R D , and Miller, A The Roentgenologic Determination of 
Gastric Motility, The Archives Int Med, 1915, xvi, 406 

10 Herschell (Indigestion London, H J Glaisher, p 104) makes much of 
the association of mucous colitis with gastric myasthenia The bowel symptoms, 
which would naturallj follow from gastric “hypomotihty” from any cause, are 
the result of the continuous discharge into the intestine of improperly digested 
material 

11 Oppenheim, H Lehrbuch der Nervenkrankheiten Berlin, 1913, p 1521 

12 Cannon, W B The Mechanical Factors of Digestion New York, Long- 
mans, Green & Co 1911, p 217, Bodily Changes in Pam, Hunger, Fear, and 
Rage New York D Appleton & Co , 1915, p 16 
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TABLE 2 — One Hundred Forty-One Cases or Delayed Gastric Emptying Studied Roentgenologically 

(“Roentgen-Ray Series”) — (Continued) 
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THE ARCHIVES OF INTERNAL MEDICINE 

Explanation of Abbreviations in Table 2 

B Motor breakfast (e g , 7 h B lge=large residue seven hours after 
motor breakfast) 

D=Motor dinner 
F=Food 

F M=FemaIe, married 
F S==Female, single 
h=Hours 
L=Motor lunch 
M=Male 

An asterisk (■*") means tube residue but no Roentgen-ray residue 
A dash ( — ) means absence of data 

Wherever possible, exact figures are given Thus, 500 F means 500 c c con- 
tcnts with food Otherwise, descriptive terms are used, as slight (si), moderate 
(mod ), large (Ige ) A zeio means the absence of a condition — in the "X-Ray- 
residue” column it means no six hour residue — a plus sign the presence of 
the condition , two plus signs its presence in a marked degree 

In the “Fasting Contents” column an amount undei 50 c c is considered 
normal, over SO c c is hypersecretion , exact figures being given where available 
In the “Acidity” column “hyper” means hyperchlorhydna, hyperacidity, or both 
“Hypo” means hypochlorhydna, hypoacidity, or anacidity The normal limits 
implied are Free HCl 20 to 40 degrees, total acidity 40 to 60 degrees 

Our clinical findings may be summarized by saying that 74 per cent 
of the cases of delayed gastric emptying were due to causes residing 
within the digestive tract, whereas 25 1 per cent were due to causes 
outside the tract The stomach itself was the seat of the trouble in 
65 1 per cent of the cases 


VI CONCLUSIONS 

1 A rational test for gastric emptying should be based on the 
patient’s ability to get rid of a meal of ordinary bulk and complexity in 
the usual period, namely, in about seven hours The “fasting contents 
tube test, and the Roentgen-ray test, as commonly employed, are not 
sufficiently delicate for many clinical purposes 

2 Approximately one in every eight or nine patients with digestive 
complaints suffers from delayed gastric emptying 

3 The chief factors to be considered in working out a case of 
delayed gastric emptying are (a) shape of stomach, (b) character of 
motor meal, (c) tone of stomach wall, (d) acidity of gastric juice, 
(e) nervous influences, (f) mechanical obstruction 

4 The immediate causes of delayed gastric emptying and their rela- 
tive frequency are (a) spasm of pylorus m 58 8 per cent of the cases, 
(b) obstruction at pylorus in 22 2 per cent , (c) atony of stomach in 
17 per cent 

5 The conditions most commonly predisposing to or associated with 
delayed gastric emptying are (a) ulcer in about 50 per cent of the 



I H LEVY—J L KANTOR 


491 


cases, (b and c) autointoxication and gastric cancer, each 7 5 per cent , 
(d) ptosis with atony, 7 per cent, (e) cholelithiasis, 3 7 per cent 
6 The causes of delayed gastric emptying aie located in the stomach 
111 75 3 pel cent of the cases, elsewhere m the digestive tract m 10 3 
per cent , and outside the digestive tract in 13 4 per cent 
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FURTHER STUDIES OF BIOLOGICAL METHODS FOR 
THE DIAGNOSIS OF TUBERCULOSIS 


J BRONFENBRENNER, PhD, MORRIS H KAHN, MD, 
J ROCKMAN, MD, and MAX KAHN, MD, PhD 

PITTSBURGH 


It IS a well accepted truth among laboratorj^ workers that biological 
methods of diagnosis are only relatively specific This limited use- 
fulness of biological tests is true not only for such as the Abderhalden 
reaction, for instance, which is still in process of development, but 
equally true when applied to such widespread tests as Widal and 
W assermann reactions 

Theoreticall)'', inasmuch as these reactions depend on the specific 
biological processes taking place under the conditions of the disease, 
the biological methods of diagnosis should be strictly specific The 
ideal method will be the one by which positive results are obtained 
in 100 per cent of cases presenting symptoms of the disease, at the 
same time giving uniformly negative results on examination of indi- 
viduals not affected by the disease 

The accumulated experience of a numbei of investigators through 
a period of years has- shown, however, that practically every method 
is subject to limitations in its specificity, as well as in its sensitiveness, 
even if performed by experts ^ 

It IS generally accepted now, for instance, that a negative 
Wassermann reaction is only of relative value, and many experienced 
clinicians are inclined to suspect the positive Wassermann test also 
when not corroborated by the clinical picture of the case, or by previous 
history The agglutinins and precipitins are generally accepted to be 
mainly group reactions, and only if quantitatively considered may they 
be of diagnostic value 

The difficulties in the diagnosis of tuberculosis by biological methods 
seem to be especially great Even when specific in character, some 
methods are of but little diagnostic significance on account of extreme 
sensitiveness, as the von Pirquet test, for example 


Submitted for publication Jan 20, 1916 

From the Research Laboratories of the Western Pennsylvania Hospital, 
Pittsburgh, and the Tuberculosis Clinic of the Department of Health, JNew 
York City 

^ Read before the Society for Serology and Hematologj', New York, Dec o, 
1915 

1 In addition, the complexity of methods opens a wide field of errors in 
diagnosis, due to faulty technic 
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Many attempts have been made to apply to the diagnosis of tubercu- 
losis methods on which the diagnosis of other infectious diseases are 
based, as, for instance, the agglutinin, the precipitin, the meiostagmm 
reaction, and lately, the biochemical test of Abderhalden , but the lesults 
obtained were of scientific interest only The difficulties of applying 
methods which work satisfactorily , in the diagnosis of other diseases, to 
tuberculosis is especially apparent in case of the complement deviation 
test Numerous attempts to work out this method m tuberculosis have 
been made by many investigatois, but on account of the peculiar prop- 
erties of the organism, it has not been possible to get a preparation of 
antigen which could be used for this test successfully Professor 
Besredka,^ who succeeded in cultivating tubercle bacilli on an entirely 
new medium, was induced by the fact that on this medium the organism 
showed some hitherto unknown properties, to try also the antigenic 
propel ties of his new cultures for the complement deviation test Suc- 
cessful results obtained by Besredka and Manoukhme® in their pie- 
hminary experiments, were fully confirmed in this laboratory ^ We 
found that, although not fulfilling all the requirements of an ideal 
diagnostic test, the complement deviation with Besredka’s tuberculin 
seems to be very useful In fact, it was positive in 93 per cent of 
cases of clinical tuberculosis At the same time the occurrence of the 
reaction in cases in which tuberculosis could not be detected clinically, 
was limited to less than 10 per cent out of a total of several hundred 
More recently many investigators have confirmed the diagnostic value 
of the complement deviation test with the tuberculin of Besredka, and 
in the hands of some of them,® the occurrence of the reaction among 
patients piesenting clinical symptoms of the disease is even as high 
as 95 per cent In controlling the test by a Wassermann reaction,^ 
we have been surprised from the beginning, to find that a comparatively 
laige number of serums, reacting with the tuberculin of Besredka, 
showed a positive Wassermann test® also 

2 Besredka Compt rend Acad d sc , 1914, civi, 1633 

3 Besredka and Manoukhme Compt rend Soc de biol , 1914, Ixxvi, 180 

4 Bronfenbrenner Proc Soc Exper Biol and Med , 1914, xi, 92 

5 Bronfenbrenner Ztschr f Immunitatsf , Ong , 1914, xxin, 221 

6 Inman Lancet, London, March, 1914, p 4734, also Compt rend Soc dc 
biol , 1914, p 251 Renaut Compt rend Soc de biol , 1914, p 865 Debams 
et Jupille Compt rend Soc de biol , 1914, p 199 

7 As the tuberculin contains lipins derived from the medium on which 
the tubercle bacilli are grown, and thus there was a possibility that certain 
nontuberculous serums having lipotropic properties, as for instance S3philitic 
serums, might fix the complement with this antigen, this control was deemed 
necessary 

8 Bronfenbrenner Proc Soc Exper Biol and Med , Februarj', 1914, p 92 
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THE ARCHIVES OF INTERNAL MEDICINE 


INTERFERENCE OF LIPINS WITH ANTIGENIC PROPERTIES OF TUBER- 
CULIN 

The first explanation of the coincidence of the positive tuberculosis 
and Wassermann i eactions naturally was that the serum which had a 
high lipotropic coefficient fixed with tuberculous antigen also on account 
of the lipiiis it contains 

We° studied this possibility in a number of cases and found that 
whenever the complement deviation with Besredka antigen is present 
in serums with high lipotiopic properties, it depends on the presence 
of a separate tuberculous antibody possessing its oivn index, difterent 
from the lipotropic index of the same serum W e found, moreover, that 
the hpms which can be extracted from the tuberculin with ether, chloro- 
form, benzin or petroleum ether, are not sufficient, in the quantity in 
which they are present in the tuberculin, to cause a fixation of the 
complement m the presence of lipotropic seiums 

In order to avoid even the possibility of such nonspecific reaction, 
howevei, we repeated our earlier suggestion to deliponize the tuber- 
culin ® 

In a large series of experiments performed in this laboratory by 
Dr J Roclonan, m which the tuberculin of Besredka was deprived of 
lipins by means of extraction by ether, it was found that the antigenic 
properties of the tuberculin were not injured thereby In later experi- 
ments instead of extracting the lipins from the antigen of Besiedka, we 
succeeded in isolating the active principle of the tuberculin by means of 
precipitation with ten volumes of absolute alcohol Another efficient 
method was the precipitation of protein from the tuberculin by adding 
two drops of glacial acetic acid to 10 c c of Besredka tuberculin, 
which produced a heavy precipitate The precipitate, when centrifuged, 
suspended in 10 c c of physiological salt solution and neutralized to 
phenolphthalein, proved to be an excellent antigen, practically free 
from any lipm except the small amount adherent to the precipitate^^ 

Although, as we previously said, m our early work with the first 
sample of the tuberculin of Besredka our conclusions were that the 
amount of lipins present was not sufficient to cause nonspecific fixation 
of complement in the presence of highly lipotropic serums, the impor- 
tance of freeing the tuberculin of all its lipins became especially evi- 
dent in later experiments We noticed that different samples of 
tuberculin received by us at different times from Professor Besredka s 
laboratory, differed m their antigenic properties The most striking 

9 Bronfenbrenner The Archives Int Med, 1914, xiv, 786 

10 Similar findings were reported since, also by Renaut Compt rend boc 
de biol 1914, Ixxvi, 865 

11 Bronfenbrenner and Rockman Biochem Bull , 1914, in, 3ol 
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feature of the differences noticed in a large series of cases was the 
apparent power of one sample especially (No 4) to fix complement 
m presence of nontuberculous lipotropic serums The study of this 
phenomenon revealed that the cause for such irregularity in the 
behavior of the sample of Tuberculin 4 was due to the comparatively 
high hpm content 

The actual quantitative estimate of lipins in different samples of the tuber- 
culin of Besredka was made as follows 10 c c of each of the different samples 
were precipitated with 2 drops of glacial acetic acid, thus removing the 
coagulable protein from the tuberculin The coagula were repeatedly extracted 
with alcohol-ether mixture and the extracts thus obtained were evaporated 
to dryness The resulting residues of lipins weie taken up with 02 cc of 
methyl alcohol and each sample was diluted to the original volume of tuberculin 
(10 c c ) by the addition of the respective supernatant fluid resulting from 
the precipitation by acetic acid of coagulable protein from each sample of 
tuberculin 

These emulsions of lipins were then used as if they were syphilitic antigen 
m parallel series with a preparation of lipins originating from beef heart, 
which we are using for the routine diagnosis of syphilis All the emulsions 
were tested in varying quantities against a constant amount of complement, 
amboceptor and known syphilitic serum 


TABLE 1 — Comparative Data on Lipin Fractions from Besredka Tuberculin 
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It was found that, when concentrated many times, the emulsions 
of lipins from Tuberculin II, and especially III, were also able to fix 
the complement with syphilitic serums, but, mz the amount in which they 
weie piescnt in the tubeicuhn, they were not able to cause the non- 
specific fixation (Table 1) The sample of Tuberculin IV, however, as 
it appears from Table 1, contained originally an amount of lipins which 
m the dose of 0 05 c c of the original concentration m the tuberculin 
already caused fixation of complement with leutic serums If such 
tuberculin is used in its original form in the complement deviation test 
with serums possessing a high lipotropic index, it is evident that a cer- 
tain number of nonspecific fixations ma}'- occur, as can be seen from 
Table 2 


12 Noguchi and Bronfenbrenner Jour Exper Med , 1911, xni, 43 
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TABLE 2 — Comparative Frequency of Fixation Occurring with Different 
Samples of Tuberculin (Nonpurified) * 


Twenty Five Cases of 

Each Group , 

Tuber 

culln 

II 1 

Tuber 

culin 

Tuber 

culin 

IV 

Pure 

Lipoid 

(Wasser 

mann; 

Tuberculosis suspected 

; i 

24 

22 

6 

' 0 

No Diagnosis of syphilis 


1 


i 

Tuberculosis not suspected 

i 1 

i 1 

0 

0 

Tuberculosis suspected 

23 

22 

14 

25 

Diagnosis of sj’phihs 

1 




Tuberculosis not suspected 

4 1 

f 

5 

11 

25 


* This table as composed by selecting from the records of all cases examined twenty five 
for each of the four groups, according to clinical diagnosis with the corresponding serological 
findings in each case 


As Table 2 shows, the sample of Tuberculin IV gives a very high 
number of fixations in cases of serums with high lipotropic power, irre- 
spective of tuberculous infection Whereas with the Tuberculins II and 
III, the occurrence of positive reactions was equal to 16 to 20 per cent 
in cases in which the Wassermann test was also positive, but tubercu- 
losis not suspected prior to the serological examination,^'* the Tuber- 
culin IV gave 44 per cent of positive reactions in the same cases 
The higher occurrence of fixations with the Sample IV could be 
attributed to two causes — either this sample was more efficient in 
detecting tuberculous antibody m the serum, or, on account of its high 
content of lipin the sample of Antigen IV caused a certain number 
of fixations of purely lipotropic character and not specific as far as 
diagnosis of tuberculosis is concerned 

Comparing the frequency of occurrence of the fixation with dif- 
ferent tuberculins in the cases of serums with positive and negative 
Wassermann reactions, respectively, we notice that Tuberculin IV is 
less efficient in fixing the complement with nonsyphilitic serums than 
with serums giving a positive Wassermann We see that in cases 
diagnosed as tuberculosis "with positive as well as with negative 
Wassermann, its efficiency is much lower than that of Tuberculins II 
and III These findings speak definitely against the possibility of the 
higher specific efficiency of Tuberculin IV being the reason for the 
greater number of fixations referred to above It is evident, therefore, 
that the high percentage of fixations obtained with this sample of 
tuberculin in cases with positive Wassermann, is due to a certain num- 
ber of lipotropic reactions 

Although in a number of cases of syphilis we have been able to 
demonstrate the presence of the two independent antibodies,® whenever 
both the Wassermann and tuberculosis fixation tests were positive, ii 
IS evident that such may not he the case i/ the antigen used contains an 

13 This IS about the same percentage as we observed in prior series 
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excess of hpms It is therefore imperative to free such a sample of 
tuberculin of its lipiiis before using it for the complement deviation 
woik As a method of doing it, we have fouiid^^ the precipitation with 
acetic acid to be the simplest 

COMPARATIVE ANTIGENIC VALUE OF DIFFERENT SAMPLES OF TUBER- 
CULIN OF BESREDKA 

As Table 2 shows, in the twenty-hve cases of tuberculosis in which 
the Wassermann reaction was negative, and there was no chance of 
complication due to the lipotropic properties of the serums, the occur- 
rence of positive reactions with Tuberculins II, III and IV was 
24, 22 and 6, or 96, 88 and 24 per cent , respectively 

TABLE 3 — Determination or Antigenic Unit or the Protein Fraction of 
Different Samples of Tuberculin of Besredka*^ 


Amount of Tuberculin Used (in Cubic Centimeters) 
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* The t\ro serums selected for Table 3 were derived, respectively, from cases of first and 
third stages of pulmonary tuberculosis We purposely selected these two cases out of the 
number of serums used for titration of antigens in order to show that the smallest amount 
of a given antigen sufficient to cause the fixation of complement in presence of one specific 
serum maj not bo sufficient when another serum is used The reason for this difference is 
the inequality in the amount of antibody m different specific serums It is therefore 
imperative always to use m a routine test not the smallest amount of antigen which was 
found to be sufficient to fix the complement m presence of a certain scrum (unit of antigen), 
but several times that amount, so as to be sure to obt tin fixations also in cases in which 
the amount of specific antibody is smaller In the cases above, the respective units of 
Antigens II, III and IV were 0 007 c e , 0 015 c c , and 0 03 c c in case of the serum of i 
primarj stage, and 0 015 cc, 0 03 cc and 0 05 ee in the case of tertiary stage, which 
indicates tint the amount of antibody present m the first case is greater than m the second 

Remembering that the peicentage of occurrence of fixation in similar 
cases leported by us before with Tuberculin I was equal to 93 84, it is 
evident that m respect to specific properties different preparations of 


14 We were tr} mg to further purify the tuberculin of Besredka, but our 
work was interrupted by unforeseen conditions preventing us from obtaining 
further supplies of tuberculin from Professor Besredka, and will be resumed 
as soon as possible We wish at this time to express our appreciation to 
Prof W J Gies for his valuable suggestions as to the methods to be emplovcd 
in further chemical purification of the tuberculin 
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tuberculin of Besredka vaiy markedly In trying to explain this varia- 
tion in antigenic power in different samples of tuberculin, we naturally 
suspected the inequality of concentiation of specific elements in respec- 
tive preparations of tuberculin 

In order to avoid this source of erior we decided to isolate the 
protein fraction of tuberculin in each case by means of precipitation, 
and to use the equivalent antigenic doses foi the test instead of diluting 
each tuberculin, as before, to the original volume 

Ten cubic centimeters of each of Tuberculins II, III and IV were 
precipitated with two drops of glacial acetic acid Each precipitate was 
separated by centrifuging, suspended in 3 c c of salt solution and neu- 
tralized to phenolphthalein The resulting solutions were titrated for 
their antigenic values against several serums of active pulmonary 
tuberculosis by the regular complement deviation method The results 
are shown in Table 3 

, Having thus obtained the lespective antigenic units of different 
samples of the coagulable protein fraction of tuberculins, we used 
in the subsequent tests equal antigenic values of each , namely, in case 
of Tuberculin II, 0 03 c c , in case of Tuberculins III and IV, 0 07 c c 
and 015 c c , respectively (about 5 antigenic units) 

Although in general the results became more comparable than 
before, especially as the lipotropic reactions in Sample IV were absent, 
there were still a certain number of cases of tuberculosis in which 
(specially when the amount of antibody in the serum was not great) 
the reaction was positive only with either one or two of the three sam- 
ples of tuberculin used 


TABLE 4 — ^The Comparison of the Occurrence of Fixation with Different 

Samples or Purified Tuberculin 
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* In this number are Included cases in which the intection with tuberculosis was not 
suspected at the time of the test 
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That the differences shown in Table 4 in the frequency of the occur- 
rence of fixation with different samples of tuberculin were not due to 
faults of technic was shown by the fact that the same results were 
obtained in repeated examinations 

Each case in which the findings obtained by different antigens did 
not coincide was reexamined repeatedly, and only such cases were 
included in the table in which repeated examinations revealed the per- 
manent character of the discrepancy In view of the fact that the pos- 
sible differences in the amounts of specific constituents in respective 
samples of tuberculin were eliminated by purification and subsequent 
titration, the variations in antigenic efficiency recorded above can be 
explained only on the basis of qualitative differences inheient m the 
specific constituents of respective samples of tuberculin 

If we seek causes that account for the evident differences in appar- 
ently similar samples of Besredka tuberculin, several possible answers 
suggest themselves Since the tuberculin consists of the culture 
medium in which tubercle bacilli have grown for a certain length of 
time (and there necessarily exist a number of possible variations affect- 
ing the rate of growth of different lots of cultures), different cultures 
are likely to contain variable amounts of the metabolic products of the 
organism A further source of variation lies in the fact that in the 
process of preparation tuberculin is heated under pressure to kill the 
tubercle bacilli and some unrecorded variations in the heating process 
might cause partial destruction of the antigenic value of certain batches 
of the tuberculin 

THE STRAIN SPECIFICITY OF TUBERCULINS 

As we have stated previously,® the complement deviation test with 
Besredka’s tuberculin may be positive in cases in which no clinical evi- 
dence of tuberculosis could be found at the time of serological exami- 
nation In studying the question of fixation in such cases we used for 
control the von Pirquet test W e have shown that in all cases in which 
the serum test was positive the von Pirquet was also present, whereas 
many cases with a positive von Pirquet reaction, gave a negative serum 
test In a number of cases in which the serum findings were the first 
to call attention to the possible presence of active tubei culosis, the sub- 
sequent histones of the cases have confirmed the early serological find- 
ings However, m a number of cases in which this test was used there 
were man}’- cases in which the subsequent study of patients was not 
possible and the positive serological findings in such cases remained 
unconfirmed by clinical data ® 

In view of the foregoing findings, vhich show that in certain cases 
the positive findings with one sample of tuberculin may not be confirmed 
by examination with another sample of tuberculin of Besredka, we con- 
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sidered it interesting to study fuither the leliability of complement 
fixation test in clinically nontuberculous cases 

During the last twenty months we examined over 4,000 serums 
Among this number in 232 instances we obtained positive findings with 
either one or two samples of the tubeiculin of Besredka, when clinically 
tuberculosis was not suspected at the time of the serum test Each of 
the 232 serums thus selected was leexamined with the tuberculin of 
Besredka, and if the reaction obtained was invariably positive, each 
case was subsequently examined with seven difteient preparations of 
tuberculin We found that m 167 cases (or 72 per cent ) out of 232 
the fixation was obtained also with at least four antigens out of seven 
used Of the remaining 65 cases in 23 at least two tuberculins fixed 
the complement and in 12 cases CTBH was the only one confirming 
the results obtained with the tuberculins of Besredka In 30 cases out 
of a total of 232 the fixation was obtained only with the tuberculins of 
Besredka ' 

It IS thus evident that among 232 cases in which tuberculin of 
Besredka caused the fixation of complement, in almost 87 per cent of 
the total number one or more of other tuberculins also fixed the com- 
plement The difference in frequency of occurrence of reaction with 
respective antigens in case of different serums is not due to teclinical 
error This is evident from the fact that in many instances m which 
the same serum happened to be examined repeatedly, the results of such 
examinations invariably agreed This permanent character of discrep- 
ancies in the results obtained by using various tuberculins suggests as 
the only possible explanation the existence of selective specificity of the 
tuberculous antibody 

The specific nature of the selective fixation was especially apparent 
in cases in which the serum fixed complement only with the tuberculins 
containing human tubercle bacilli, or a mixture of human and bovine 

15 Each serum coming to the laboratory for any serological examination 
was also examined for tuberculosis 

16 We used for this purpose the Crude Tuberculin of the Board of Health 
of New York (CTBH), “Old Tuberculin” Hochst (OTH), “Old Tuberculin” of 
Parke, Davis & Co (OTPD), “Old Tuberculin” of Mulford containing human 
TB (OTMH), “Old Tuberculin” Mulford containing bovine TB (OTMB), 
“Bacillary Emulsion” Parke, Davis & Co (BEPD) and our own polyvalent 
Bacillary Emulsion containing human as well as bovine TB (BEWPH) Each 
of the seven antigens was titrated against a serum from a case of active 
tuberculosis and their respective units were determined In the complement 
deviation test 5 units of each antigen were used 

We take this opportunity to thank most sincerely Prof W H Park pf le 
New York City Board of Health, as well as Dr E M Houghton of 
Davis & Co, and Dr A P Hitchens of Mulford Company, vho kindlv placed 
at our disposal large amounts of their tuberculins 
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strains, but not with the tuberculin “OTMB,” for instance, containing 
only bovine strains There were m our series, however, a number of 
cases which fixed the complement with this tuberculin, as well as with 
human, and in two cases we obtained the fixation only with bovine 
antigen, and not with human 

It IS thus evident that there is in tuberculosis 3 certain degiee of 
strain specificity and this contributes to the failure of certain tuberculins 
to answer the requirement for an antigen m the complement deviation 
test The fact that different samples of the tuberculin of Besredka 
may differ m regaid to the number of strains, and respective amounts 
of each, m given tuberculin preparations, would also account for the 
variations in antigenic values of Preparations II and III as observed 
above 

The amount of material at hand is not sufficient to allow of any 
classification of the tuberculins named, as to their comparative antigenic 
value, but even the results obtained already show that the antigen of 
Besredka may be of the greatest usefulness in the complement devia- 
tion test 111 cases of early nondiagnosed tuberculosis, as we have stated 
before,® especially if the number of strains composing tuberculin be 
further increased and the final product purified 

We have shown that out of 4,000 cases m which tuberculosis was not 
suspected at the time of the serum test, in 232 instances the complement 
deviation with Besredka’s tuberculin was positive We have shown, also, 
that such fixations were not due to a technical imperfection of the test, 
inasmuch as the fixation m these cases was obtained on repeated exami- 
nations Moreover, we showed that in 202 out of 232 of such cases, 
complement fixations were obtained also by the use of other tuberculins 
The question arises whether we shall consider the fixation m these cases 
as specific, especially in the thirty cases in which the antigen of Besredka 
was the only one to cause fixation 

Our previous studies'*' ® of the subject showed that the value of this 
fixation is very suggestive, inasmuch as m many cases more careful sub- 
sequent examination levealed the presence of disease, and in several 
cases 111 which no clinical confiiraation of serum findings could be 
obtained at the time, later — in the course of a yeai — many came to be 
considered tubeiculous clinically The results of the complement devia- 
tion test, however, zvci c not confirmed m all cases by subsequent clinical 
observations 

One must not forget, however, that in the group of cases consid- 
eied clinicall} as nontuberculous, are certainly a number of cases of 
latent and spontaneously cured tuberculosis In fact, considering the 
results of injection of tuberculin, or the findings at necrops\ ve maj 
safely '^ay that the inajont} of individuals, considered nontuberculous, 



502 


THE ARCHIVES OF INTERNAL MEDICINE 


are not free fiom latent infection And from this point of view it is 
very difficult to say with certainty whether the serum findings in such 
cases are coirect or not 

There is only one way of controlling the serum findings m such 
cases with any degree of certainty, and that is by injecting tuberculin 
m all cases which come for serum diagnosis But inasmuch as such pro- 
cedure IS not flee from danger, we could not adopt it 

On the other hand, we noticed recently numei ous reports on the inci- 
dence of urochromogen reaction m a large number of tuberculous indi- 
viduals In fact, according to some investigators, the reaction was even 
fine enough to permit following the progress of the treatment As in 
our preliminary work^" with this method we were not able fully to 
substantiate the optimistic findings of other workers, we decided to 
repeat the work in a larger number of cases 

Dombrowski” m 1907 determined the urochrome of die urine in health and 
disease By Ins method of determination with copper, he found that in health 
there is excreted 0 3885 gm m a twenty-four-hour specimen of urine, whereas 
m pneumonia and in typhoid fever this amount may be increased to 1 0572 gm 
per day Four years later Weisz*’ pointed out certain discrepancies m 
Dombrowski’s results According to this author the urochrome of Dombrowski 
IS not identical with the normal urinary urochrome On isolating this coloring 
matter from normal and pathological urines, he found that the cadmium salt of 
Dombrowski urochrome is insoluble in diluted acetic acid, whereas the normal 
urochrome is soluble m this acid 

According to Weisz, the normal coloring matter of the urine is derived 
from a chromogen which in its properties is similar to the proteic acids which 
are present in the urine This urochromogen when present in the urine is the 
substance which is responsible for the Ehrlich diazo reaction Again, accord- 
ing to Weisz”'* there aie two distinct urochromogens, which he distinguishes as 
A and B The B urochromogen gives the diazo reaction promptly The 
A urochromogen, on the other hand, does not give this reaction in freshly 
voided urines When, however, these urines are allowed to stand m the 
incubator for twenty-four hours or so, a positive diazo reaction will be given 
by the A urochromogen 

When these urochromogens are oxidized either by dilute solution of potas- 
sium permanganate or by lodin and potassium thiosulphate, they are changed 
to the true urochromogen of the urine 

In 1911 Weisz"^ reported the results of his six years’ study of the uro- 
chromogen reaction in urines of patients suffering with pulmonary tuber- 
culosis He found that the test for urochromogen in these patients was posi- 
tive m the great majority of cases It is necessary, he said, m considering 
the diagnostic significance of this test, to exclude those other diseases wiic 
also yield a positive Weisz reaction In this class he groups typhoid 
measles, scarlet fever, septicemia, surgical tuberculosis, etc He also oun 

17 Bronfenbrenner, Rockman and Mitchell Biochem Bull, 1915, xiu, 80 

18 Dombrowski Compt rend Acad d Sc, 1907, cxiv, 575, Ztschr p ysio 
Chem , 1908, liv, 390 

19 Weisz, M Biochem Ztschr , 1911, xxx. 333 

20 Weisz, M Med Klin , 1911, vi, 1661 

21 Weisz, M Munchen med Wchnschr, 1911, Ivm, 1378 
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that patients who had been narcotized, or who had received injections of 
tuberculin, gave positive results with this reaction A positive reaction in 
tuberculosis may, according to Weisz, indicate either a low resistance to the 
tuberculous toxin, or a spreading lesion with an increasing production of 
toxin A positive reaction is of unfavorable prognostic significance 

The destruction of tissue causing the excretion of the urochromogen also 
causes an increase in the output of neutral sulphur of the urine The oxyproteic 
acid fractions with which the urochromogen seems to be closely related is 
normally present in the urine m small quantities According to Bondzynskr" 
and his pupils antoxyproteic acid is a mixture of the proteic acid with 
urochromogen 

The destruction of tissue which liberates the increased quantities of proteic 
acids can be measured in several ways These substances contain nitrogen 
and sulphur and are combined with urochromogen Methods have been 
advanced, therefore, to study this substance, either by precipitation and nitrogen 
determination, or by precipitation and sulphur analysis, or by the urochromogen 
method 

Paranhos and Grolito,'” found that the Weisz reaction was positive in 
90 per cent of tuberculous patients Cotton"® obtained excellent results Vitn” 
of Buenos Aires obtained positive reactions in patients in whom the tuberculin 
skin test was positive He found that the presence of a little albumin, sugar or 
urobilin did not interfere with the Weisz reaction Dozzr® as well as Pignacca"'’ 
consider this test pathognomonic of tuberculosis Curti®° found that this test 
was positive in pneumothorax as well as in all cases of clinical tuberculosis 
The reaction, according to this author, ran parallel with the clinical symptoms 
of the disease and became negative in cases which were, clinically, considered 
cured Tecon and Aimart,®' Jaquerod,®® Kaplansky,®® Puley®* and others, have 
found this reaction of value Similar results were obtained by Levy,®® Hefle- 
bower,®° Metzger and Watson,®^ Ferrannini,®® Brum,®® Burgess'*® and Sinclair^® 


22 Bondzynski Kosmos, 1911, xxxv, 650 

23 Sklepinsky, A Pharm Centralbl , 1911, hi, 615 

24 In fact, according to Weisz the interdependence between the appearance 
of excess of neutral sulphur in the urine and the incidence of urochromogen 
reaction is so great that he is inclined to take the positive outcome of 
urochromogen test for an indicator of the presence of excess of neutral sulphur 
in the urine It is in this sense that we identified in our first paper 
(Bronfenbrenner, Rockman, and Mitchell, Biochem Bull , 1915, No 13, p 80) 
the findings of urochromogen with the sulphur, although the Weisz reaction 
per se is, of course, not the test for neutral sulphur, but for urochromogen 

25 Paranhos and Grolito, V Brazil med, 1913, xxvii, 101 

26 Cotton, E Rev med de la Suisse romande, 1913, xxxiii, 217 

27 Vitri, G Semana med , 1913, xx, 110 

28 Dozzi, L Gazz d osp , 1913, xxxiv, 815 

29 Pignacca, G Gazz d osp , 1914, xxxv. Nos 34-35 

30 Curti Quoted in Munchen med Wchnschr , 1914, p 1577 

31 Tecon and Aimart Presse med , 1914, p 135 

32 Jaquerod Discussion, Presse med , 1914, p 135 

33 Kaplansky Discussion, Presse med , 1914, p 135 

34 Pulej Munchen med Wchnschr, 1915, xxvi 1009 

35 Le^^ Deutsch med Wchnschr, 1915, xli, 1212 

36 Heflebower Am Jour Med Sc , 1912, cxliii, 221 

37 Metzger and Watson Jour Am Med Assn , 1914, Ixii, 1886 

38 Ferrannini Riforma med , 1915, xxxi 479 

39 Brum Gazz d osp, 1915 xxxm, 401 

40 Burgess Jour Am Med Assn, 1916, Ixm, 82 

41 Sinclair Jour Am kled Assn, 1916 Km 247 
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The technic of the Weisz reaction is very simple Several cubic centimeters 
of urine are diluted two oi three or more times to reduce the intensity of the 
color of the urine To this are then added several drops of a 0 1 per cent 
solution of potassium permanganate In the presence of the urochromogen a 
deep yellow color appears 

All told we examined 1,046 cases, of which numbei 681 were the 
conditions m which the inci eased output of neutial sulphur was not 
suspected, and the remaining 365 cases were classified as follows 


TABLE 5 — Reactions in Various Dise\ses 
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86 

115 


From these results we are led to the conclusion that the Weisz reac- 
tion is not always incident in diseases characterized by tissue destruc- 
tion In 365 cases of such diseases which are characterized by marked 
protein katabohsm, only fifty-three positive urochromogen reactions 
were obtained 

Moreover, when present, this reaction is not pathognomonic of 
tuberculosis, in fact, as the table shows, the peicentage of incidence of 
urochromogen reaction is even higher in diabetes, and especially in 
typhoid, than in tuberculosis The high incidence of urochromogen 
reaction in different pathological conditions was shown before in 
cancer diabetes,^^ pneumonia, cachexia, and in typhoid For 
instance, Halbey^’^ found that the urochromogen test was positive in 
nine cases of typhoid at each application of the test so long as the 
fever kept up It was positive in all cases of measles, scarlet fever, 


42 Goodndge, F G, and Kahn, M Biochem Bull, 1915, iv, 118 

43 Emhorn, M, Kahn, M, and Rosenbloom, J Arch f Verdauungskr , IVII 

ifii, 557 

44 Mancim Deutsch Arch f khn Med, 1911, cm, 288 

45 Mazzitelh Riforma med , 1912, xxvm, Abstr Jour Am Med Assn 

)13, lix, 978 ^ 

46 Kuhl, A Deutsch med Wchnschr , 1915, xxxi, 912 

47 Halbey, K Med Khn , 1915, xi, 830 
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erysipelas and malaria It was constantly negative, on the other hand, 
in seventeen cases of pulmonary disease, even^m advanced forms, and 
negative, likewise, with miliary tuberculosis A positive reaction was 
thus obtained in 33 per cent of the fifty-two patients tested 

The high figures for positive Weisz reaction that have been reported 
by a number of observers in various diseases and especially in tuber- 
culosis, may be due to the fact that atypical color reactions were con- 
sidered as indicative of a positive test When dilute potassium per- 
manganate solution IS added to the urine there is frequently noticed 
a pinkish tinge, which, unless care is taken and a standard prepared 
with which comparisons can be made, may be erroneously interpreted 
as an indication of the presence of urochromogen 

It IS evident from the results reported in Table 5 that the urinary 
examination cannot be used as a safe control in serum diagnosis of 
tuberculosis For, on the one hand, the urochromogen reaction is 
found to be positive only in about 13 per cent of cases of tuberculosis, 
in which the serum reaction is positive usually in about 92 per cent of 
cases, and, on the other hand, the frequent occurrence of this reaction 
in conditions other than tuberculosis makes valueless the findings of 
10 per cent of positive reactions in nonclassified cases, as far as diagno- 
sis of tuberculosis is concerned The actual relationship between the 
two reactions, however, can be judged only by performing both tests 
in the same cases This we did in 212 cases, with the results shown in 
Table 6 


TABLE 6 — Comparison of Urochromogen and Serum Reactions 
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* Ve do not offer nt present nnv definite explanation for tbe comparatnelv low number 
o poEiti\e findings in this series, but it is evident that at least three causes could well 
explain it (l) the mistaken diagnosis, (2) absence of resistance on tbe part of the patient 
(Bronfenbrennor, J Science, 191-1, xxxix, SOI, also Proc Soc Exper Biol and 31ed , 1915, 
\i 0-2), (3) the known fluctuation in the antibody content in the blood of recentlv infected 
individuals (see discussion by Mever, Deutscb nied Wchnschr , IDlf p 313) 
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The examination of Table 6 reveals the fact that the urinary find- 
ings do not go parallel with serum findings On the contrary, whereas 
the serum findings, very high in primary and secondary stages of pul- 
monary tuberculosis, falling very markedly in the tertiary stage of the 
disease, the urinaiy findings seem to show a marked increase in fre- 
quency as the disease progresses 

Although as Table 5 has shown, the katabolic changes in the body 
are not always followed by the presence of uiochromogen in the urine, 
it is evident that there is undoubtedly an increased incidence of uro- 
chromogen reaction in later stages of the destructive process as com- 
pared with the earlier stages of the same disease This increase in the 
incidence of Weisz reaction together with the corresponding inverse 
changes in the occurrence of the serum test, may be of great value in 
confirming our previous conclusion that cases of clinical tuberculosis 
in advanced stages in which the serum reaction is negative are charac- 
terized by the loss of resistance on the part of the patient In these 
cases the destructive processes develop more rapidly, which is indicated 
by the large excess of neutral sulphur in the urine, as well as by a high 
percentage of positive urochromogen findings As for the seven cases 
of positive serum findings out of the total of 141 cases m which tuber- 
culosis was not suspected, the urinary analysis does not offer any pos- 
sible way of controlling the diagnostic value of these findings As we 
have mentioned before, however, we do not feel inclined to attribute 
such findings to the possibility of nonspecific fixation, but rather to the 
fact that in its earlier stages the tuberculous process does not induce 
symptoms sufficient for clinical diagnosis This is why a number of 
cases may present at necropsy unmistakable symptoms of a tubercu- 
lous process having taken place at some time during the life of the per- 
son without his being aware of the presence of the disease 

CONCLUSIONS 

Attempts to study further the value of biological methods of diag- 
nosis of tuberculosis led us to the following conclusions 

Different samples of tuberculin of Besredka, though apparently 
identical in the mode of their preparation, may differ among themselves 
in their specific values 

The most striking variation is in the amount of lipins contained in 
tuberculin 

It is necessary to free each sample of tuberculin of all its lipin 
fraction before using such tuberculin for the complement deviation 
test 

The lipins may be extracted by fat solvents, but the easiest method 
was found to be that of separation of the protein fraction by 
precipitation 
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Precipitation of the antigenic fraction of tuberculin also offers the 
possibility of using a standard number of units of antigen and thus 
eliminating variations due to the quantitative differences m specific 
properties of different samples of tuberculin, without increasing the 
chance of obtaining lipotropic reactions 

It seems, however, that different samples of tuberculin may vary 
also qualitatively 

The variation rests apparently on the fact of the existence of 
strain specificity m the antibody 

The existence of strain specificity m tuberculosis may explain why 
the results obtained by diffeient investigators m the complement devia- 
tion test for diagnosis of tuberculosis var}^ so much 

The tuberculin of Besredka seems to give the best results in diagno- 
sis by the complement deviation test 

Even though the test is positive in a certain number of clinically 
non-tuberculous cases, the reaction seems to be specific 

In at least 87 per cent of such cases the fixation was obtained also 
with one or more preparations of tuberculins other than that of 
Besredka 

The attempt to control serum findings by the urinary examination 
for urochromogen was not successful in general, because we were 
unable to confirm the frequent occurrence of the Weisz reaction in 
tuberculosis A comparison of the frequency of occurrence of the two 
reactions in different stages of the disease suggests that negative serum 
findings in the face of the positive Weisz reaction may have an 
unfavorable prognostic significance 

ADDENDUM 

Since the above material was reported, our attention has been called to the 
article of Craig {Avieucan Jouiiial of the Medical Sciences, 1915, cl, 781), 
in which the author gives a simple method of preparation of antigen for the 
complement deviation test for the diagnosis of tuberculosis The results 
obtained b5"'Craig are in general in accord with those obtained by us vith the 
antigen of Besredka Indeed, thej are even more encouraging than ours 
In one respect, however, our respectue results seem to differ in a marked 
degree , that is, in the percentage of positive reactions obtained among syph- 
ilitics In our series about 20 per cent of all syphilitics reacted with the 
antigen of Besredka, whereas in the series of Craig, the occurrence of tuber- 
culosis among s}philitics as judged by this test was less than 1 per cent As 
we stated at the time, the comparativel}’’ high percentage of positne reactions 
among s3"philitics in our series was not due to nonspecific fixations In fact 
in cases in which such studj’’ vas undertaken, we ln^arlably found the two 
specific antibodies coexisting independenth We came to the conclusion, there- 
fore, that the comparatively frequent simultaneous occurrence of the two reac- 
tions IS due to the fact that tuberculosis is more frequent among S3phihtics 
than among the persons free from luetic infection It seems that S3phihtic 
infection makes the person less resistant to a subsequent infection with tuber- 
culosis, or at least renders him less resistant against the progress of tuber 
culosis previoush contracted Such a conclusion is apparenth borne out bi 
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clinical observations of such men as Fournier, C F Marshall, Douty, F H 
Andrews, Sir Jonathan Hutchinson, and others (see Oxfoid System of Syph- 
tUs, 1914, 111 , 197) 

The fact, however, that in the series of 150 syphilitics Craig obtained a 
positive complement fixation with his tuberculin m only two cases, speaks at 
the first glance against such a conclusion But if one takes into consideration 
that the material of Craig must have consisted largely or entirely of strong 
young men of military age, the difference can be explained easily In our 
series of syphilitics we dealt with men or women of all ages, mostly working 
people, greatly exposed to infection with tuberculosis in their factory sur 
roundings, and even more so in the unhealthy conditions of their life m the 
slums Craig’s material consisted of a group of men who must have been 
comparatively free from tuberculosis at the time of admission to military ser* 
vice, and who, in addition, having been admitted to service, were placed in 
conditions of life which are exceptionally favorable for assisting the person 
in resisting any possible preexisting tuberculous infection and sheltering him 
from any possible new infection We therefore think that our previous state- 
ment about the frequency of occurrence of tuberculosis among syphilitics is 
correct, if the syphilitics are taken from a group of persons the same as that 
from which the rest of our material was derived 

Western Pennsylvania Hospital 
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TWO ADDITIONAL CASES OF MILIARY TUBERCULO- 
SIS OF THE PLACENTA WITH CLINICALLY LATENT 
TUBERCULOSIS OF THE MOTHER* 


CARL VERNON WELLER, MD 
Instructor in Pathology, University of Michigan 

ANN ARBOR, MICH 

The two cases of placental tuberculosis which form the subject of 
this report are of unusual interest, for in each the disease was so slightly 
active as to be unrecognized clinically in the mother, but was found in 
the course of the routine microscopical examination of the placenta 
In one instance no history suggestive of tuberculosis could be elicited 
and the disease, apparently incipient dm mg pregnancy, has become 
latent since the birth of the child This case, therefore, is similar to the 
one reported from this laboratory in 1913 by Dr Waithin,^ in connec- 
tion with which he at that time called attention to the increased impor- 
tance of Ihe sociologic and eugenic aspects of the transmission of tuber- 
culosis from parent to child, provided that it can be shown that in 
women who have incipient or clinically unrecognizable tuberculosis the 
bacilli may enter the blood stream and cause a miliary tuberculosis of 
the placenta or congenital infection of the fetus 

The second case to be reported is in some respects even moi e unique 
In this instance, also, the maternal tuberculosis was clinically unrecog- 
nizable at the time of admission to the hospital and was found only 
through the discovery of miliary tubercles in the couise of the routine 
examination of the placenta This patient, however, had Avilfully falsi- 
fied in regard to hei history in order to conceal an earlier diagnosis ot 
tuberculosis This she admitted when she Avas told of the finding of 
placental tuberculosis Unlike the fiist case and the one recently 
lepoited by Dr Waithin, this AAmman’s tuberculosis became moie active 
after the biith of the child and she returned to the hospital Avith unmis- 
takable clinical signs of pulmonary tuberculosis 

W ilhout including here a reAueAV of the literature, attention is called 
to the fact that the repoited cases of placental tuberculosis may be 
ai ranged in three groups 

1 Cases in Avhich the mother AA^as knoAvn to be tuberculous and in 
aaEicIi, as a result of this knoAvledge, the placenta AA'as giA^en intensiAc 

* Submitted for Publication Jan 28, 1916 

■^-From the Pathological Laboratorj of the Unuersity of iMichigan 

1 Warthin, A S Miliary Tuberculosis of the Placenta Jour Am Med 
Assn , 1913, 1x1. 1951 
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stud) and found to exhibit the chaiactenstic lesions of tuberculosis, 
either with or without a demonstration of the bacilli 

2 Cases in which the mother was known to be tuberculous and in 
which the presence of tubercle bacilli in the placenta or the fetal blood 
was demonstrated by staining methods or by animal inoculation without 
the recognition of the lesions of tuberculosis in the placenta One must 
believe that in many of these cases the failuie to find lesions was due 
either to unfamihanty with the somewhat varied microscopical picture 
of placental tuberculosis, oi to the fact that the amount of placental 
tissue examined iii section under the microscope was such a small pro- 
portion of the total organ that characteristic lesions weie not included 

3 Cases in which the maternal tuberculosis was clinically unrecog- 
nizable and in which chaiactenstic histopathologic lesions of tubercu- 
losis were found in the routine examination of the placentas In this 
group fall the two cases forming the subject of this report, the only 
other case in the group being the one i eported by Dr Warthin, to which 
reference has been made 

That three such cases should be found in one laboratory and within 
the space of three years is strong additional argument, not alone for 
the belief that the maternal transmission of tuberculosis is much more 
common than is ordinarily taught, but also for the little recognized fact 
that a "subclinical” tuberculosis may be so influenced by pregnancy 
that bacilli may enter the blood stream and produce placental or fetal 
miliary tuberculosis 

REPORT OF CASES 

Summaries of the histones of the two cases here reported follow 

Case 1 — ^Miss K , aged 21, entered the maternity ward of the University 
Hospital, service of Dr Reuben Peterson, April 23, 1914 The patient was 
then in about the eighth month of pregnancy There was no history of tuber- 
culosis in her family, father, mother and eight brothers and sisters being alive 
and well One sister died in childbirth On physical examination by Dr Seeley 
the patient was found to be of slight build but fairlj'' well nourished No 
signs of any pulmonary lesion were discovered and the examination of the 
heart was likewise negative The findings in the routine ante partum obstet- 
rical examination do not concern us here The Wassermann reaction was 
reported negative by one serologist and positive (one plus) b}’^ another Blood 
and urinary findings were negative 

June 11, the patient was delivered by Dr Bartholomew of an apparently 
healthy female child The puerperium was uneventful and the patient returned 
to her home June 27 The child was left at the University Hospital until 
July 16 It was then 35 days old, had gained 550 gm , and was apparently 
normal in all respects 

The placenta from this birth was placed m formol after being secure y 
tagged with the name of the mother It was sent to the pathological labora- 
tory and in the course of the routine microscopical examination miliary tubercles 
were found These lesions will be described later 

In October, 1915, the family physician of this patient, replying to an inquiry 
addressed to him by Dr Loomis, said that both mother and child were under 
observation, were apparently well and had given no evidence of tuberculosis 
at any time 
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Case 2 — Mrs C, aged 27, was admitted to the obstetrical wards of the 
University Hospital, service of Dr Peterson, Jan 28, 1914 She was then in 
the ninth month of pregnancy The patient denied any family history of 
tuberculosis, saying that her father, mother, three brothers and two sisters 
vere living and well Two sisters died m childhood Concerning her personal 
history she said that she had never been strong until the past few years, but 
that she had made a good recovery from measles and scarlet fever in child- 
hood and also from “congestion of lungs and bowels” five years previously 
The patient was married nine years before and had one child, aged 7 There 
had been no other pregnancies 

The history of the present pregnancy presented nothing unusual There 
had been considerable nausea and vomiting in the second and third months, 
but little afterward No eye symptoms or dizziness, no swelling of ankles, 
no headache had occurred 


'Si/'' 




m M’ 


Fig 1 — Miharj tuberculosis of the placenta Chmcalh latent tuberculosis 
of the mother In the center of the field an intervillous epithelioid tubercle 

On physical examination, made by Dr Loomis Jan 30, 1914, the patient 
vas found to be of a rather large frame, with musculature and panniculus 
good Face pale but conjunctivae and lips of good color Eyes reacted nor- 
mally to light and accommodation Neck, mouth and throat were negative The 
thorax presented marked infra- and supraclavicular fossae and was found to 
be somewhat larger and to move more freelj on the left than on the right 
side The lung borders had a wnde excursion Resonance was normal The 
breath sounds were likewise normal except for occasional piping rales, and 
the ^o^ce sounds were generally, but umformh increased It was noted that 
the patient had some cough, and accordingly fine crackling rales were care- 
fulU sought for but were not heard Auscultation and percussion of the back 
ga\c onh negatne findings 
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The routine antepartum examination of breasts, abdomen and pelvis need 
not be detailed There was no indication that the confinement would be other- 
wise than normal Such proved to be the case, and Mrs C was delivered 
rather precipitately Feb 4, 1914^ The child was an apparently healthy male 
weighing 7 pounds, 1 ounce The puerperium was normal throughout and the 
history of the child was uneventful during the fourteen days that it remained 
in the hospital At the expiration of this period the mother took the child 
to her home in a distant part of the state 

The placenta from this birth was placed in 10 per cent formaldehyd solu- 
tion at once and delivered to the pathological laboratory March 8, 1914 In 
the routine microscopical examination of tins placenta there was found a 
group of four or five miliary tubercles The microscopical findings will be 
described in greater detail later 
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Fig 2 — Miliary tuberculosis of the placenta, Case 2 Pulmonary 
unrecognizable during pregnancy, but becoming active after birth of cn 
An intervillous epithelioid and giant-cell miliary tubercle 

In January, 1915, letters of inquiry were sent to Mrs C and to her home 
physician asking for additional information as to a possible history o u er 
culosis (although the patient had stated that there was no history o tu 
losis in the family) , and also in regard to the condition of hot i mot ler an 
child The reply of the mother was especially interesting, throwing, as i 
did, much light on the subsequent history of the case and ^ . 

gether too common attitude on the part of the patient rs 
follows in part 

“ I am very glad to be able to send you a favorable report, also 

glad to know vou are interested enough in us to write and inquire Baby 
strong and well and has never been sick enough to call a doctor 
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“As to my own health, I am well and strong as can be I have had perfect 
health ever since I left the hospital 1 understand that Dr Peterson wrote to 
our doctor here, saying that at the time of the baby’s birth 3'ou found signs 
of tuberculosis I am not at all surprised as I have been told before that 
I had tuberculosis but I did not believe it, so thought I would not speak of it 
and let you find it if you could I lay our good health all to fresh air, foi 
we are fresh air fiends ” 

The patient’s home physician kindly wrote under date of Jan 19, 1915, 
saying that Mrs C had a history of tuberculosis dating back some eight or ten 
years He had not had an opportunity to examine mother or child since her 
confinement, but as far as he could learn they were apparently well Five 
months later (June 30, 1915) her physician again wrote, saying that Mrs C 
was losing weight rapidly and apparently doing badly, although no active pul- 
monary focus was discovered The baby remained in “excellent condition ’’ 
Because of this information the patient was advised to return for examina- 
tion, which she did July 26, 1915, entering as an outpatient, the service of 
Di A W Hewlett, through whose kindness the notes taken at that time were 
placed at my disposal The patient then disclosed her earlier history of pul- 
monary tuberculosis She said that she had had pneumonia m the 1 ight lung six 
years previously, after which she did not recover strength and was told that 
she had tuberculosis Accordingly she went West for three years, but returned 
apparently perfectly well 

In the seventeen months which had elapsed since the birth of her child, 
the patient had been well, except for some cough and sputum, until the begin-/ 
nmg of the summer, when she began to grow weak and tired and to raise more 
sputum The following Apiil she had pain in the right upper chest, at some 
times dull and radiating to the scapular region, and at other times knife-like 
in character, keeping her awake at night She had been taking her own tem- 
perature at 4 p m each day but had had no fever except for a period of about 
one month, when she had noted an afternoon temperature 2 to 3 degrees above 
normal During that month she was very tired so that she had to go to bed 
most of the time, but more recently she had felt stronger There had been 
a loss of weight of 20 pounds in the previous six months 

In examining the patient at this admission. Dr Hewlett found increaseo 
fremitus in the right scapular region and beneath the inner end of the right 
clavicle Sharp crackling rales, brought out by coughing, were occasionally 
heard in the interscapular region A diagnosis of pulmonary tuberculosis 
was made 

The lesions discovered microscopically in the placentas of these two 
patients are 111 every respect characteristic and there can be no doubt 
that they aie miliary tubercles Without a detailed discussion of the 
histopathology of placental tuberculosis (wdncli may be found in the 
papei s of Schmorl and Geipel- and Warthin^ ) , attention is called to the 
fact that the differential diagnosis of placental tubercles presents but 
few difficulties if the lesions are present in at least moderate numbers 
and ha\ e not reached a stage of advanced healing This point has been 
emphasized by Warthin,^ and he has showni that en wdien the tubercles 
have ad^ anced to a healing stage the tw 0 other things which need to be 
consideied in difterentiation are essentiall} unlike them In small local- 
ized aieas of syphilitic clioiioniiis the process invokes only the stroma 


2 Schmorl and Geipel Munchen mcd \\ chnsclir 1904, li 1676 

3 Wartlun A S Jour Infect Dis , 1907, n 347 
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of the villi and the villi are not fused into a solid fibroblastic or fibroid 
mass In the small healing infarct the villi may be fused, but there is no 
fibroblastic formation, or only the slightest, between them In the heal- 
ing tubei cle, on the other hand, if villi are fused m the mass, there is an 
abundant intervillous epithelioid or fibroblastic proliferation 

MICROSCOPICAL FINDINGS 

The original sections made m the routine examination of Case 1 each 
showed four or five young and active miliary tubercles Examination of othei 
sections has shown that the distribution varies somewhat, but no section 
examined from this case has failed to disclose at least one tubercle These 
tubercles are practically all in about the same stage, showing an active epi- 
thelioid proliferation without caseation, although some of the larger ones reveal 
a slight karyorrhexis and diffusion of chromatin Giant cell formation was not 
noted In regard to location, a large majority of the tubercles are intervillous, 
often involving within the mass four or five villi the outlines of which may still 
be made out around the periphery of the tubercle Fewer mtravillous tubercles 
are found and these correspond in their young epithelioid character to those 
just described Earlier stages were not found, so that the bacilli must have 
been given off some time before delivery, and most of them at about the same 
time 

The original section from which the diagnosis of placental tuberculosis 
was made in Case 2 showed a group of four or five intervillous miliary tubercles 
which were epithelioid in character Study of a large number of sections from 
this case shows the total number of tubercles to be much smaller than in 
Case 1, many sections containing none, and but rarely more than one to a 
section being found Although various stages are present, in general these 
tubercles are somewhat older than those of Case 1 None, however, show 
healing, but typical Langhans’ giant cells are frequently seen, and in some 
instances there is an early fibroblastic proliferation As in the first case, 
intervillous tubercles greatly predominate over those of other locations 

It IS to be regretted that it is technically impossible to demonstrate 
tubercle bacilli in the lesions in these placentas They were both 
intensely fixed in forraol, which always makes the diffeiential staining 
of the tubercle bacillus very difficult and often impossible We are not 
alone in this experience as it is mentioned in various works on micro- 
scopic technic and constitutes one of the many objections to the routine 
use of formol as a fixing agent We believe, however, that our inability 
to demonstrate the bacilli does not in the least detract from the value 
of these cases for the lesions are absolutely characteristic, they diffei 
in^no respect from similar lesions in other cases in which the bacilli 
have been demonstrated in large numbers , and in one of the two cases 
here presented, the diagnosis of tuberculosis has been supported in an 
unusual way by the subsequent development in the mother of an active 
pulmonary process 

As far as can be ascertained, there has been no evidence of tubercu- 
losis in either of the children from these births Whether this is due to 
the fact that the bacilli were of relative slight virulence, or that they 
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passed the placenta in too small numbers to determine a clinically recog- 
nizable infection, or whether the fetal tissues offered more than ordi- 
nary resistance, can only be conjectured 

SUMMARY 

The two cases of placental tuberculosis here presented were discov- 
ered m the routine microscopical examination of the placentas The 
mothers did not have clinically recognizable lesions at the time of 
delivery, but in one case an active pulmonary tuberculosis later devel- 
oped The other case became latent after the birth of the child These 
cases are additional proof of the fact that even an incipient and unrec- 
ognizable tuberculosis may be so influenced by pregnancy as to cause a 
placental, and therefore potentially a fetal, miliary tuberculosis 

My thanks are due Dr A S Wartliin, who made the original diagnosis 
of placental tuberculosis in these cases, for placing the material at my disposal, 
to Dr Reuben Peterson and Dr A W Hewlett for the use of the records of 
their respective departments , and to Dr F L Loomis of the Department of 
Obstetrics and Gynecology for his assistance in following up the after-history 
of the cases 
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A few years ago I had under observation at different times tno 
girls aged 10 and 12 years, i espectively, in whom I was struck by the 
maiked contrast between the emaciated face with hollow cheeks and 
the good development of the rest of the bod}' These children were 
brought to the clinic for slight ailments and were not affected with 
any constitutional disease I realized that I n as dealing with a rare 
condition, but was at a loss to know where to seaich for a description 
of it in the literature A paper leceiitly published by Feer^ on ^'Lipo- 
dystrophia Piogressiva” immediately cleared up the diagnosis Unfor- 
tunately no detailed history, photographs or measurements were taken 
at the time, and the patients aie no longer under obseivation 

I had the good fortune recently to discovei a t 3 'pical example of tins 
condition in the person of a mother who brought her children for 
treatment The histoiy is briefly as follows 

REPORT OF CASE 

Histoi y — Mrs K , aged 32, Hebrew, has been married for ten years to her 
cousin She had three brothers and two sisters One sister died in childhood 
of pneumonia One brother and the sister are married and have healthy chil- 
dren No other member of the family has had a similar condition, neither the 
mother of the patient nor the othei female members were unusually fat or thin, 
nor did any one have an increased amount of adipose tissue in the lower part 
of the bod}' There is no family history of syphilis, tuberculosis, alcoholism, dia- 
betes or nervous diseases The birth was normal, the patient was breast fed, 
and her physical and mental development during childhood was nbrmal At the 
age of 3 she had measles without complications Since that time, with the 
exception of occasional headaches, her health has always been good The 
change in her face was first noticed at the age of 6 It began insidiously, with- 
out any fever, pain or discomfort, and gradually became more marked, so that 
at 11 the fat of the face had almost entirely disappeared Later the dystrophy 
spread to the neck, upper part of the chest and arms, so that these parts became 
distinctly thinner When she was 11 years old the family emigrated 
Russia to this country The patient was taken to a well known New 
physician, who after a careful examination told the mother that he hoped her 
other children were as healthy The patient began to menstruate at 13 
She married at 22 years, her weight at that time was 44 5 kg (98 pounds) 
After her marriage she began to notice that the lower part of her body was 
growing stouter, and this continued, so that at the age of 28 she weighed rg 
(117 pounds) and at 31 years 55 5 kg (121 pounds) Except for the disfiguring 
appearance of her face, she has not suffered in any way, her appetite is good, ner 


■■ Submitted for publication Jan 27, 1916 mi e i i 

1 Feer Lipodystrophia Progressiva, Jahrb f Kinderh , 1915, Ixxxii, i 
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bowels regular, she has no disturbances of sleep, no palpitation or nervous 
syrnptoms She has two children, a girl aged d>Vz years, who is perfectly healthy, 
and a boy aged 7 years, who has chronic endocarditis following an attack of 
rheumatism She has had no miscarriages or stillbirths, and is now pregnant 
for the third time Both children were breast fed for one year 

PhvsKal Examination —Measurements weight, before pregnant, 55 5 kg , in 
seventh month of pregnancy, 59 kg , height, 150 cm , circumference of the head, 
53 cm , neck, 31 5 cm , chest, 80 cm , arm, 22 cm , elbow, 21 5 cm , forearm, 
21 5 cm , thigh (at level of great trochanter), 62 cm , at 15 cm above patella,’ 
53 5 cm , knee, 36 5 cm , leg, 37 5 cm , ankle, 23 cm , thickness of the raised 
fold of fat and skin — cheek, 5 mm , breast (over nipple), 6 mm axilla (level 
of nipple), 6 mm, interscapular region, 8 mm , arm, 5 mm , forearm, 5 mm 
neck, 7 mm , thigh, 45 mm , leg, 27 mm ’ 

One IS immediately struck by the disproportion between the upper and lower 
parts of the bodv The face is haggard, and has a cadaverous expression (Fig 
1) It IS hollowed m the temporal region, the malar bones aie prominent, and 
below them there are two hollows, an upper small one, and a lower large one 



Fig 1 — Progressive lipodystrophy in a woman of 32 jears Author’s case 

separated by a thin bridge, corresponding to the zygomatic muscle This 
renders the masseter more distinct, and gnes a fulness around the corners of 
the mouth There are also distinct grooies under the lover lip and on either 
side of the chin When the patient smiles, folds form on both sides of the mouth 
The neck shows a marked reduction of the subcutaneous fat, also the arms and 
upper part of the trunk There is no disturbance of function or sensation in 
these parts Examination of the hair, eyes, ears, nose, throat and teeth shows 
nothing abnormal The patient does not complain of flushing profuse perspira- 
tion or chilliness The breasts are well dei eloped and on account of the small 
amount ol subcutaneous fat are unusual h hard Examination of the heart and 
lungs shows normal conditions From the crests of the ilia downward there is a 
very marked increase in adipose tissue, this is most distinct in the gluteal region 
and on the outer side of the thighs It is less distinct on the leg and the ankle 
IS not at all enlarged The function of the muscles sensation and the tendon 
reflexes are normal Examination of the blood and urine '^hows nothing almoi- 
mal The roentgenologic examination of the arm and of the ‘^kull (sella turcica! 
'ihows nothing pathological 
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Nnmbei of Cases, Race, Sex — Up ti the piesent, fifteen cases of 
progressive lipodystrophy have been reported by the following authors 
Barraquei,- Campbell,^ Hollander, Simons, “ Laignel-Lavastme and 
Viard,“ Cohn,^ Lewandowsk}'-,® Weber,” Christiansen,^” Feer,^ and Pic 
and Gardere “ In most of these reports a detailed history and measure- 
ments are not given Three cases in males which aie somewhat doubt- 
ful are reported by Shaw,^” Hertz and Johnson,^^ Husler The con- 
dition IS probably not as rare, however, as the figures would seem to 
indicate, for like other uncommon conditions, it is sometimes not recog- 
nized because not known A number of the patients were Hebrew, 
though there does not seem to be any marked piedisposition of the 
race to this condition All of the undoubted cases have been in 
females , but it is not at all certain that males may not be occasionally 
affected 

Etiology and Pathogenesis — In those few instances in which the 
family history is given, there is no indication of any inherited tendency, 
either to the same condition or to a disturbance of the fat metabolism 
Syphilis, tubeiculosis and alcoholism apparently play no part in the 
causation of this condition In those patients in whom the Wassermann 
test was made the result was uniformly negative The patients may 
of course be affected with mtercurrent diseases, but these apparently 
bear no relation to the underlying condition, which appears to be a form 
of trophoneurosis One naturally thinks of some disturbance in the 
function of one or more of the ductless glands, but symptoms of hyper- 
thyroidism such as palpitation, tremor, tachycaidia, those of hypothy- 
roidism, such as mental and physical sluggishness, subnormal tempera- 
ture, constipation, are absent Symptoms pointing to a disturbed 
function of the pituitary, supraienals or ovaiies are likewise absent 
The condition occurs in married and in unmarried women , they present 
no unusual disturbances of mensti nation, pregnancy or lactation In 
addition, none of the patients has received any benefit fiom the adminis- 
tration of the extracts of the ductless glands It is not unlikely that 

2 Barraquei Abstr Neurol Centralbl , 1907, p 1072 

3 Campbell Tr Clin Soc London, 1907, xl, 272, Proc Roy Soc Med, Lon- 
don, 1913, VI, 71 

4 Hollander Ztschr f d ges Neurol u Psychiat, 1911, v, 633 

5 Simons Ztschr f d ges Neurol u Psychiat, 1911, v, 29, Ibid, mJ, 
XIX, 377, Ztschr f Kinderh , 1915, xi 

6 Laignel-Lavastine and Viard Nouv iconog de la Salpetriere, 19 , xxv, 
473 

7 Cohn Abstr Neurol Centralbl , 1913, xxxii, 779 

8 Neurol Centralbl, 1913, xxxii, 866 

9 Weber Brit Med Jour , 1913, p 1154 

10 Christiansen Mentioned by Peer, Note 1 

11 Pic and Gardere Ljmn med, 1909, cxni, 61 

12 Shaw Tr Clin Soc London , 1905, xxxvni, 222 

13 He'-tz and Johnson Proc Roy Soc Med , London, 1913, \ i, 9Z 

14 Husler Ztschr f Kinderh , 1914, x, 116 
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something m the ciiculatmg blood is the causative factor The sym- 
metiical, bilateral character would seem to indicate this The fact that 
only certain parts of the body are aflfected, would not be a strong 
argument against such an assumption, for it is well known that ceitain 
organisms, toxins and other substances have a special affinity foi certain 
tissues, and it is not impossible to conceive of a substance that would 
cause a diminution or disappearance of the fat m one part of the body 
and an increase in another pait By injecting the blood of patients in 



Fig 2 — Progressn e hpoclysti opliy in a v oinan of 21 3 Tars Simons’ case 


the actn'c pi ogj cssivc stage of the disease into monkeys it might be 
possible to pioduce somevhat similar changes 

Syinpfoins and Com sc — The loss of the subcutaneous fat of the 
face begins insidiously without feicr, pain or other symptoms and 
gradual!} becomes more maiked, it is bilateral and S5'mmetnca] In 
six of the patients, mcludnig ni} own, the disease began between the 
fifth and the scienlh }ear in the remainder, about the time of pubert} 
In the majont} of the cases the loss of subcutaneous fat then extended 
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to the neck, arms and upper pait of the trunk The orbital fat is little 
if at all affected and as no postmortem examinations have been made 
it is still unknown whether the internal fat is diminished The increase 
of adipose tissue in the lower part of the bod}'- begins or becomes 
more marked at the time of puberty This increase is most distinct 
in the gluteal region and on the outer side of the thigh, but also involves 
the rest of the leg As a rule, both sides are equally affected , occasion- 
ally the increase is greater on one side The amount of subcutaneous 



Fig 3 — Microscopical sections A Progressive lipodystrophy Skin rernoved 
to the fascia, almost complete absence of fat, traces in the sebaceous g an s 
and at the roots of the haii B Fat content of the normal skin of the head 
in man 34 years old Both specimens stained with hematoxylin-Sudan (Simons ) 

fat gradually increases, but after a certain number of years probably 
remains stationary, so that, strictly speaking, the disease can no longer 
be considered progressive The examination of the parts affected 
shows no impairment of function of the muscles, no change in the elec- 
trical reactions of the muscles or nerves, or in the tendon reflexes, no 
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disturbances of sensation, no vasomotor disturbances Roentgenologic 
examination of the extremities and the skull (sella turcica) shows 
nothing abnormal The measurements in the seven cases m which they 
are given are as shown in Table 1 


TABLE 1 — Measurements of Seven Patients with Lipodystrophy 



Circumfeience 

Avthoi 

Age, 

Yeais 

Weight, 1 
Kg 

Height, 

Cm 

Arm, * 
Cm 

Forearm, ) 
Cm I 

Thigh, Cm 
* t 

Beg, 

Cm 

Simons 

21 

I 

46 8 

158 


> 

56 


Simons 

' 2S 1 

56 0 

159 


1 

61 51 5 

37 5 

Laignel Lavastine 
and Viard 

1 

1 1 

33 

1 

1 

53 0 

150 

22 

20 

56 40 0 

30 0 

Cohn 

' 

1 

i 

1 


j 

57 53 5 

39 0 

Peer ' 

! 

26 9 

130 

16 5 

15 5 I 

1 

36 0 

“’Oo 

Boissonas 


22 1 

119 

17 

ISO 

CO 

20 5 

Heiim in 

32 

1 

55 5 

150 

22 

1 

21 5 

02 53 5 

37 5 


Measuied at the lo^ol of the gieat trochanter 
t Measured 15 cm above the patella 


The measurements of the thickness of the fold of laised skin and 
subcutaneous fat,^^ as first suggested by Oederj^^* and earned out on 
children by Batkin,^' are given by only thiee authors as set forth m 
Table 2 

TABLE 2 — Me\surements or Thickness or Fold or Skin and 

Subcutaneous Fat 


Author 

Age, 

Teais 

Cheek, 

Cm 

! 1 

Breast, 1 
! Cm 1 

1 ' 

A\illa, 

Cm 

Arm, 

Cm 

1 

Fore 
arm. Cm 

Thigh, 

Cm 

Log, 

Cm 

Laignel Lar astine 

! 39 

1 




1 

! 

04 

59 

Feel 

i 91/2 

4 

3 

35 , 

3 5 

2 5 

30 

IS 

Herrman 

1 32 

4 

« 1 

00 i 

1 

5 0 j 

5 0 

15 

-7 


In none of the patients were changes found in the internal organs 
which could be attributed to the disease The examination of the blood 

15 The measurement of the thickness of the layer of subcutaneous fat is made 
as follows A fold of skin with the subcutaneous fat is raised from the under- 
h ing muscle and held by an assistant between the thumb and index fingers of 
both hands, the thumbs being separated 3 or 4 cm This double layer of skin 
and fat is then measured with a pair of calipers, not the kind -which are used 
for measuring the diameters of the head or pelvis, but the kind used by 
mechanics This touches the fold along a larger surface and the thickness can 
be more accurately determined 

16 Oeder Med Klin, 1910, p 17, Fortschr d Med, 1911, p 41 

17 Batkin Jahrb f Kindcrh , 1915, Ixxxii, 103 
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and the urine, and the roentgenologic examination have shown no 
chaiacteristic changes In those cases which were tested no disturbance 
of metabolism and no vasomotoi or trophic disturbances were noted 
Three hundred giams of grape sugar have been given without produc- 
ing an alimentar)^ glucosuria , no increase of lipase has been found in 
the blood, after the ingestion of 200 gm of a 20 per cent cream there 
was no lipemia , the blood serum obtained by puncture of a vein was 
clear When large quantities of cream and butter were taken the feces 



Fig 4 — ^Boissonas’ case, a girl aged 10 Disappearance of subcutaneous 
fat in the face, arms and chest , marked increase in the gluteal region, abdomen, 
hips and calves 


did not show any marked change Injections of pilocarpm produced 
moderate sweating, less distinct on the face , the pulse, respiration and 
intestinal peristalsis were not affected 

Maci oscopicallj’^ a section of the skin of the affected part shows 
a marked diminution or a complete absence of fat, microscopically 
(Simons’ Fig 3) almost a complete loss of the subcutaneous fat 
only in the sebaceous glands and at the roots of the hair can traces of 
fat be seen The epithelium and the corium present no changes 
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Diagnosis and Differential Diagnosis — If we bear in mind the char- 
acteristic features of this condition — bilateral, symmetrical loss of fat 
m the upper part of the body, with increase of adipose tissue m the 
lower part, and the absence of other trophic and constitutional dis- 
turbances — the diagnosis is usually easy The cadaverous expression 
of the face m an otherwise healthy individual is almost pathognomonic 
The good general health immediately excludes tuberculosis, malignant 



Fig 5 — Pulmonar}^ tuberculosis in a girl 9 years old (Schlossmann) 

tumors and diabetes The retention of the normal function of the 
muscles excludes the various forms of muscular atrophy and dystrophy , 
the normal sexual characteristics and the absence of ocular disturbances 
separate it from d} spituitansm of the Froelich t}pe 

In passing, it is interesting to note that in this disease the subcuta- 
neous fat IS lost in a location in vhich in infantile atropln e\en vhen 
extremeh marked, it is retained nameh, as the fat or ‘tucking pad of 
the cheek On the other hand in some cases of ad\anced pulmonar} 
tuberculosis in children the fulness of the face ma} persist after the 
rest of the bod\ is greath emaciated fFig 5) It is not uncommon 
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to see gills and young women in whom there is a striking contrast 
between the thinness of the face and the normal or more than normal 
development of the lower part of the body, and although I do not 
believe that such cases should be included in the group of progressive 
lipodystrophy, they may possibly bear some relation to that condition 

Prognosis — Although the disappearance of the subcutaneous fat 
of the face is progressive, after it has all been lost the process must of 
necessity come to a standstill A spontaneous reappearance of the fat 
IS extremely unlikely The increase in adipose tissue in the lower 
part of the body is also progressive, but after a certain number of 
years apparently reaches its maximum The disease appears to inter- 
fere in no way with the general health, and it is doubtful if life is 
shortened 

Treatment — Thyroid, pituitary, and ovarian extract have been tried 
without benefit Peer proposes to use the milk of a thyroidectomized 
goat, with which he obtained good results in a case of Graves’ disease 
The rationale of this method of treatment is not clear, since no similar 
disturbances have been noted m this disease It would seem more 
logical to inject the blood of a patient in the active progressive stage 
of the disease into monkeys with the idea of stimulating the production 
of antibodies and later to inject the serum of such animals into the 
patient 

The patients are all female and naturally complain, chiefly, of the 
disfigurement, especially if they are still unmarried For cosmetic 
reasons human fat and mutton suet have been injected into the hollows 
of the face, but after a time this is absorbed Transplantation of the 
excess fat from the buttocks to the face has been suggested, but it is 
doubtful whether that will remain unabsorbed Paraffin injections have 
been objected to because they interfere somewhat with the play of the 
features , but in view of the great deformity this does not appear a 
strong objection, and this is the method which I intend to employ m 
my patient 

250 West Eighty-Eighth Street 



A STUDY OF THE BUFFER VALUE OF THE BLOOD i- 


R L LEVY, MD, AND L G ROWNTREE, MD 

BALTIMORE MINNEAPOLIS 

In order that the various functions of the body may be properly 
performed, it is essential that the blood maintain its slightly alkaline 
reaction within extremely narrow limits When this degree of alka- 
linity IS diminished, a condition of acidosis, with its accompanying phe- 
nomena, is observed A truly acid reaction of the blood (that is, a 
hydrogen-ion concentration greater than pH-7 Of) is incompatible 
with life 

Various protective mechanisms serve to maintain the acid-base 
equilibrium of the organism and thereby protect the blood from signifi- 
cant changes in hydrogen-ion concentration Such processes are 
increased production of ammonia, the excretion of carbon dioxid by the 
lungs, the excretion of nonvolatile acids by the kidneys, and finally, the 
bufifer action of the blood itself ^ 

By the term “buffer action” of a mixture is meant its ability to take 
up considerable amounts of acid or alkali when these are added to it, 
without appreciable change in hydrogen-ion concentration The blood 
IS such a buffer mixture, owing largely to its content of carbonates and 
phosphates, and, to a lesser extent, its protein 

Much valuable work has been done to determine the role played by 
each of the factors concerned in the maintenance of acid-base equilib- 
rium, but a precise investigation^ of the “buffer value” of the blood has 
not been undertaken, owing to technical difficulties The utilization of 
the recently-described dialysis-indicator method® for determining varia- 
tions in the hydrogen-ion concentration of the blood has made possible 
a quantitative study of its buffer value 

* Submitted for publication Jan 20, 1916 

“ From the Medical Clinic of the Johns Hopkins Hospital 

tpH IS the commonly accepted symbol for hydrogen-ion concentration 

1 For a detailed discussion of the mechanisms involved in the maintenance 
of acid-base equilibrium m the body, see Henderson, L J, Ergebn d Phjsiol, 
1909, viii, 254 

2 During the course of this stud} a prehminar\ communication on “The 
Nature and Detection of Diabetic Acidosis,” b} Van Shke Stillman and Cullen, 
appeared in the Proc Soc Exper Biol and Med , 1915, xii, 165 The fact that 
the diahsis-mdicator method ^\as being utilired for determining the buffer ^alue 
of the blood ^\as announced ^\lth the presentation of our method before the 
Association of American Ph}sicians Ma}, 1915 (See Tr Assn Am Plus, 
1915, and abstract in Jour Am liled Assn 1915, l\i\, 2162 ) 

3 Lev} , R L , Rowntree, L G , and Marriott, W McKim A Simple l^fethoa 
for Determining Variations in the H\drogen-lon Concentration of the Blood, 
Tiif Archives Int Med, 1915, x\i, 389 
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TECHNIC 

The determinations may be earned out on whole blood, serum or plasma, but 
It IS preferable to use whole blood, since in this way conditions in the body are 
most closely approximated 

Two cubic centimeters of blood are placed in each of seven test tubes and 
allowed to stand for five or six minutes, until a thin layer of plasma at the top 
has been cleared of cells, hemolysis on the subsequent addition of acid and alkali 
thereby being prevented The blood in the first tube is used for a determination 
of the pH To each of the next three tubes is added fiftieth-normal hydrochloric 
acid — 0 1 c c to the first, 0 2 c c to the second, and 0 3 c c to the third Simi- 
larly, increasing amounts of fiftieth-normal sodium hydroxid solution are added 
to the last three tubes The tubes are inverted once for the purpose of mixing 
Each portion of blood is then separately dialyzed for six minutes against 2 5 c c 
of 08 per cent salt solution and the pH of the dialysate determined by adding 
5 drops of an indicator, phenolsulphonephthalein, the reading being determined 
by comparing with a senes of standard colors 

Numerous experiments were carried out to determine the influence 
of various factors on the results 

1 Effect of Temperatw e — The dialysate at temperatures ranging 
from 18 to 37 C may be identical or may show slight changes,^ but 
within these extremes, no essential change is seen in the buffer value of 
either blood or serum The determinations can, therefore, be carried 
out at room temperature, without regard for the slight variations so 
encountered 

2 Length of Tune Elapsing Between the Withdrawal of Blood and 
the C allying Out of Determinations — ^The blood may be kept for as 
long as twenty-four hours without change in the pH or buffer values, 
providing it is collected in hard glass tubes which are filled to the top, 
tightly stoppered, and immediately placed on ice 

3 Length of Time the Acid ot Alkali is in Contact with Blood or 
Seium — A series of experiments was earned out in which the time 
of contact varied from two to thirty minutes Within these limits, 
identical buffer values were obtained m all cases 

4 Loss of Cai bon Dioxid — Obviously, the carbon dioxid tension in 
the blood is important Control experiments, using the dialysis- 
indicator method with carbon dioxid at its normal tension, and with 
blood fiom which carbon dioxid had been shaken out, showed marked 
differences in pH It is possible to collect the blood in such a way that 
the loss of carbon dioxid is minimal and fairly constant This is accom- 
plished by withdrawing blood with a syringe or pipet, filling the test 
tube practically to the top, promptly stoppering, avoiding unnecessary 
shaking, and placing immediately on ice Duplicate determinations on 
the same sample, or on different specimens from the same individual, 
3 ’ield essentially identical results under these conditions 

4 Levy, Rowntree and Marriott, loc cit , note 3 The time of exposure to a 
higher temperature is obviously a determining factor 
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MODE OF EXPRESSION OF RESULTS 

All results are expressed in terms of cubic centimeters of fiftieth-normal 
hydrochloric acid or sodium hydroxid per 2 c c of blood The following terms 
are used 

1 Buff a fot Acid ot' Alkali — These represent the amounts of acid or alkali 
which can be added to blood or serum without change in the pH of the dialysate ® 
The sum of the buffer for acid and that for alkali yields the total biiffci 

2 Reserve Buffer for Acid o> Alkali — ^These represent the amounts of acid 
or alkali which can be added to blood or serum without causing a change in the 
pH of the dialysate beyond the limits of normal® The sum of the two \ields 
the total leseive buffer The reserve buffer, therefore, represents the simple 
buffer value plus the amount of acid or alkali taken care of by the blood without 
change in reaction beyond the limits of normal pH values From a clinical 
standpoint it is the simple buffer values for acid and alkali which are of the 
greatest significance 


ANALYSES OF CLINICAL RESULTS 

The work is based on a study of sixty-five cases, involving consid- 
erably more than 100 bufifer determinations The results may best be 
presented by dividing the cases into four groups 

1 Normal Indwiduals {Twenty-F om Cases) — Determinations 
were made on both blood® and serum, the results appearing in Tables 1 
and 2 It is noteworthy that the time elapsing between the previous 
meal and the withdrawal of blood for examination made no essential 
difference in the buffer values 

(a) Blood — Normal blood takes 0 1 c c of acid or alkali without 
change in pH It, therefore, has a buffer for acid and alkali of at least 
0 1, though It may have a buffer of 0 2 to 0 4 The average buffer, both 
for acid and alkali is 0 18 The total buffer ranges from 0 2 to 0 7, with 
a group average of 0 36 

The reserve buffer® for both acid and alkali varies from 0 1 to 
0 4, the group average for the acid being 0 27, that for the alkali 0 31 
The total reserve buffer varies from 0 4 to 0 7, the group average 
being 0 58 

(b) Se)um ^° — Noimal serum always takes 0 1 cc of acid without 
change in pH It may have a buffer for acid of from 0 1 to 0 3 , the 

5 No attempt was made to determine changes smaller than 0 05 

6 Normal pH values are Blood, 7 4 to 7 6, Serum, 76 to 7 8 

7 The blood on which these determinations were made was obtained irom 
patients in the Gemto-Urinary Dispensary, a majontj of whom were unaer treat- 
ment for local infections of the lower genito-urinarj tract No luetic individuals 
are included in the series 

8 The blood was collected in tubes containing just sufiicient carbonatc-frec 
sodium oxalate to prevent clotting 

9 The reserve values throughout arc not absolute since in main instances 
0 3 cc of acid and alkali failed to carrv the pH bejond normal limits 

10 The values for oxalated plasma are essentiallv the same as those for serum 
Throughout the later studies onlv' whole blood was utilized for the following 
reasons 1 In the bodv it is with the buffer of the blood as a wliole v ith >' Inch 
we are concerned 2 Less blood suffices 3 Centnfuaahzation togetner v ith 
the resultant lo^s of carbon dioxid n avoided 



TABLE 1 — Normal Cases 
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average is 0 11 Its buffer for alkali is very variable , a change may be 
encountered on the addition of from 0 05 to 0 3 c c of fiftieth-normal 
sodium hydroxid , the average is 0 07 The total buffer for serum varies 
from 0 1 to 0 3, the group average being 0 18 

The reserve buffer for acid varies from 0 1 to 0 4, the group average 
being 0 2 The reserve buffer for alkali ranges from 0 to 0 3, the 
group average being 0 12 The total reserve buffer varies from 0 15 to 
0 6, the average being 0 33 


TABLE 2 — Summary of Twenty-Four Normal Cases 



Blood 

Serum 

1 

Extremes 

Group 

Average 

Extremes 

Group 

Average 


1 

' For acid 

02 - 04 

1 1 
t 

018 

01-03 

Oil 

Buffer 

For alkali ' 

02-04 ' 

018 1 

0 03 

0 07 


, Total ' 

j 

02 07 

0 36 ' 

1 

01 - 03 

0 18 


' For acid 

02 04 

0,27 1 

01 - 04 

02 

Keserve buffer | 

For alkali 

02-04 

0 31 

0 - 03 

012 


1 Total 1 

0 

1 

© 

058 ' 

0 15 - 0 6 

0 33 


TABLE 3 — Miscellaneous Cases with Normal pH and Normal Buffer 
Values, Sixteen Cases, Twenty Determinations 


Blood 

EMrcmes j Group Average 



' For acid 

01 ■ 

•03 

013 

Buffer 

For alkali 

01 • 

•03 1 

017 


Total 

02 ■ 

■05 

03 


' For acid 

01 

03 i 

025 

Reserve buffer 

For alkali 

0 • 

• 03 

0 23 

1 

, Total 

03 

00 

0 4S 


Althous:h the total buffer value or the total reser\e value mav be 
great, the buffer for either acid or alkali ma} be small , in other words, 
the buffer may be great for acid and small for alkali, or vice \crsa 
This can be determined only by actual stud} of the individual acid 
and alkali buffer values, and it is obMOusly not ‘^hown b) a figure 
expressing the total buffer \ alue 

2 Miscellaneous Cases with A'o; nial pH and Noi mal Buffer Values 
— Twent} determinations were made on sixteen cases, includincr 
instances of diabetes melhtus. pernicious anemia imeloid leukemia 
t}phoid fe^er, pregnanc}, surgical cases before and after anesthesia, 
exophthalmic goiter and chronic nephritis (Table 3) 
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The values obtained are unif orml}'- slightly lower than those obsei ved 
in the series of normals, but otherwise present no features of especial 
interest 

3 Cases with Normal pH and Diminished Bnffei Values — (Tables 
4 and 5 ) An analysis of these tables shows essentially normal buffer 
and reserve buffer values for acid, markedly diminished values for 
alkali, and therefore lowered values both for total and total reserve 
buffers 

Several points of interest are evident from a consideration of tins 
group of cases It is striking that a diminished buffer for alkali is fai 
more common than that for acid in cases which do not show a ti iie 
acidosis, but m which there is a tendency toward acidosis, as evidenced 
111 many instances by a lowering of the tension of the alveolai carbon 


TABLE 5 — Cases with Normal pH and Diminished BurrER Values, 
Sixteen Cases, Twenty-Five Determinations 




Blood 

f 


Extremes 

Group Average 


1 "Foi acid 1 

^ 1 

0 - 03 

019 

BulTer 

[ For alkali 

0 03 

1 

! OOG 

1 


[ Total 

0 oc 1 

0 25 


For acid 

0 03 , 

0 20 

Reserve bailor 

For alkali 

0 0 3 1 

0,18 


. Total 

, 03 OC 

0 u 


dioxid (Cases 1, 2, 4, 5, 10 and 16 ) The diminished buffer for alkali 
observed in two cases of normal pregnancy (Cases 14 and 15) is in 
accordance with the almost constant finding of a lowered alveolai 
caibon dioxid tension during the months of gestation 

Case 4 (mercuric chlond poisoning) shows at various stages during 
the clinical course several phases ot buffer loss At first, after fi\e days 
of anuria, there was loss of buffer for acid , with slight clinical impro\c- 
ment and the reestablishment of urinary secretion, buffer for acid 
returned, u hereas that for alkali was diminished After intensive alkali 
therapy, an alkalosis uas established though the aheolai carbon diOMd 
u as still somewhat lowered , the buffer ^ alues m ere normal October 6, 
a slight set-back occurred, -with loss of buffer for alkali It was prog- 
nosticated at this time from the buffer determinations that the ah eolar 
carbon dioxid tension, uhicli two da}v preMou‘=h had been normal, 

11 Leimdorfer, \ Xo\ak T and Porgts. O Zt«ch f klin Mtd 1912, 
l\x\ 301 





TABLE 6— Acidosis, Nine Cases, Twenty-Four Determinations 






D S Ago 

c* O 

en C 3 

-h 


o ej 

?, S o 
a> rt ^ 

^goo 
H n o 


? S ° c>0 

SMqSf^ 

m o 

®?3 

C3 


j M 


Cl 

+w 


-■S 

•-' . o ii ^ o 

coS§§o''“B' 

o-S « 


a ^ 

tn c2 

= § 
j= 9 

a ui 

^ CJ 

q-Hi 

■§ 

cj a 

a 2 ' 


■M 

a 

o 2 

wf^ 


mg 

§a 


Ut 03 m 'Z 

CJ GJ S O 

.Q o 

®«B . 

mM 

5 S Si 
-u o > a 
3 -*-* F-. o 13 
o d'O 5 D 

"t-a 

-Pan 

n 

2 t, g fc! 
5 o a £: a 
, f. ..oti: 


!&g 


4 J*M ^ 2 J 

CO o « 

a « 
“•n o-a 
tso o o 
P . u'O 
S"^ « 
q -p 

'q ao C 

o o a 

a cj 


C3 

cn 


CO • o 

2 *-• 

4^ a 

q a 
a'^ 




a 


2o^S 

j_s 


n-P o S. 

gS^- A«g 

^ .10 to *• ^ 

>>.-a SE-Sa 

■' ” > S q 
a P o 


a o S 

*o 3-“ 
CO ti q: 
rt ^ 

a 

"|s 


B q S > g R 
'^ -' a o 

_c tj 


a *M w a :2 

<D G) O 3 


‘ a ' 

hM 


tX) — 

^ c5 a 

a *-• Qj 
O OH 
2*H^ 

.a cj o 

k* 

o 

a CO d 

o — 

>“5 


H £ • Ui 

C3 O X3 2 

4^ U P« 

d £ a 

ft 9 S **^ a 2 d 
o to . ft'd a S 2 S o ' 

u a ox: a - -2 

o *-• . tjjo ^a 

« qRafeg-® o 

««5»aP.O;, « 

fttoC33 ^ oStS 
o o3*-HtH ^ro r: a 
o -w 2 2 « *2 2 

B'^a §Oi;g^^g 

g q g I 2 Sg S-a2 
qaqsSBpPPOP 

pfH4Jaotoo‘*^to® 

S o o 


S ^ o 

a o 4J 
o o*^ 
o a 

OT3 
^ > o 
G3^ >• 

c3 ^■' 
9 9ft 
ft c 


e 

s 


>»o 

ft 


So 

DO o -ti jj, »o d a 
eS9fl«*SH ^ro" 


C 3 tuO 

Sdgl? 

aa S 
coH 


‘ U) 


<D u 


M »0 Q> O 
o G) 

>,p CO o 2 

H»^4.a^G> a 4^ < 

I 

■« 2 ".-aafctoX 5 

o e*^ a S toF! rt 


- 5 ~ apsyt; 

qt^EPlS'* S^OcnqPJai 

=aalg£pa:l|eg 

, aPi o o-S o2qi “ q g 
-qu X 3 oj *^30 H-”" 

- “ " — -w-a -£ q to 


O ; 

H 

«' 


« : 


Pi 

q 

•a 


' 2 s ~’o 

s-S^s 


! S g a 5 X g g h ■ 

lO-aic- CO _q ^ *-» »• 


>_> 4-* 

-p* a 

2 “ > " 

«+^ti}^ 4 ^ SSda'aO 
'S®ao^o 2 S 4 ^’ 24^9 

^ftoaSf-ir->»d^to 54 co»a 

s a ft <3 • 



E CO 

cgog 2 ft 

sss' -ii 

I p ^ CO 2 a G) 

'O a ri S o a 

^ O 



534 


THE ARCHIVES OF INTERNAL MEDICINE 


would te found to be again lowered, winch, indeed, proved to be true 
Finally, during convalescence, both pH and buffer values became 
normal 

The loss of buffer for alkali observed in two instances of febrile 
typhoid (Cases 8 and 9) is in accord with the tendency toward an 
alkalosis which we have observed in several cases of this disease 


• TABLE 7 — Acidosis, Nine Cases, Twenty-Four Determinations 



Blood 

! 

Acid 1 

Alkali 

1 Total 

] 

Extremes | Averages 

1 

Extremes 

Averages 

1 

Extremes 

Averages 

Entire group (9 cases 24 
determinations) 

I 

1 1 

I 0 0 3 i 0 083 

1 

003 

1 

' 1 

1 

! 0 0S7 : 

o 

o 

4- 

017 

During stage of true 
acidosis (9 cases, 16 j 
determinations) 

1 

! 

0 0 3 0 076 

1 

0-0 3 

! 

0 036 

i 

0 04 

013 

During stage of com 
pensation (6 cases, 8 
determinations) 

1 ' 

1 

003 01 

« 

003 

1 ' 

01 

0103 

02 


TABLE 8 — Summary of Acid, Alkali and Total Buffer Values for thl 
Various Case Groups Expressed as Group Averages 





Blood 



1 

Acid 

Alkali 

Total 

Normal individuals 



018 

018 

0 36 

Miscellaneous cases n ith 

normal 

pH, showing nor 


017 

0 30 

mal buffer values 


013 

Cases uitli normal pH 

showing 

diminished buffer 


006 

025 

values 

019 

f True 



0075 

0 056 

013 

Acidosis ■! 




010 

0 20 

1 Compensated 


010 


4 Acidosis- — (Tables 6 and 7 ) From the tables it is evident that 
cases of acidosis have less buffer for both acid and alkali during the 
stage of uncompensated acidosis (increased pH of the blood) than 
during the stage in which the tension of alveolar carbon dioxid is 
diminished, but the pH of the blood is normal (stage of compensation) 
Despite the return to normal of pH and buffer values, the clinical evi- 
dences of acidosis may persist (Cases 4 and 8) 

EXPERIMENTAL CONSIDERATIONS 

Inasmuch as the buffer value of blood is fairly constant in health, 
and decreased in acidosis, the question obviously arises as to whether 
buffer can be supplied The possibility of accomplishing this with 
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phosphate mixtures was considered The buffer values of phosphate 
mixtures (NaoHPO^ -f" KH2PO4) of vaiious strengths and hydrogen- 
ion concentrations, weie therefore determined, the results appearing in 
Table 9 

From this stud}- four interesting facts are evident First, the buftei 
value of blood is greater than that of %5 molecular phosphate mix- 
tures and approximately that of molecular mixtures , second, the 
buffer value is greater at neutrality than m more alkaline mixtuies 
third, the dialysates exhibit buffer values comparable to those obtained 
by adding the indicator directly to the original mixtures, but at a 


TABLE 9 — Buffer Value of Phosphate Mixtures (Na-HPO< + KH 2 POO 


1 

1/30 Molecular 

1/15 Molecular 

1/5 Molecular 

Undialjzed 

Dialysate 

Undialyzed 

Undlalyzcd 

Dialysate 

pH 

7 55 

1 74 

73 

75 

'' 7 45 

+0 1 add 

7 45 

1 7 35 

72 

75 

1 7 45 

+0 2 acid 

74 

1 7 25 

715 

7 45 

( 

+0 3 acid 

73 

716 

7 15 

7 45 ■ 


+0 i acid 

72 

"1 


i 74 

1 : 

7 35 

1 

+0 1 alkali 

70 

75 

73 

I 1 

, 7 5 j 

1 7 15 

+0 2 alkali 

7 75 

1 7 65 

735 

7 55 ^ 


+0 8 alkali 

1 

1 

7S 

1 j 

' 7 75 { 

7 4 

7 53 


+0 4 alkali 

1 

78 j 

: i 

70 

1 

70 


ONE-rirTEENTH MOLECULAR ALL READINGS ON UNDIAIA-CED MIXTURES 


pH 

7 05 j 

73 

70 

SI 

+0 1 acid 

7 05 j 

72 

' 7 S5 

7 03 

+0 2 add 

i 

713 

7 75 

7 63 

+0 3 acid 

()95 

715 

7 7 

} 

7 75 

+01 alkali 

7 03 1 

73 

793 


-J-0 2 alkali 

7 05 j 

7 35 

so 


+0 3 alkali 

7 1 

7 4 

t 

SI 



uniformly inoie acid level, and, finalh, the more concentrated the mix- 
ture employed, the less marked is the discrepancy between the undn- 
l}zed mixtuie and dialysate 

Attempts to mciease the buffer ^alue of the blood b\ intra\enous 
injection of phosphate mixtures into animals and into a human ca^e 
(Table 6, Case 4) failed, but demonstrated the following facts 
1 The phoshpatc mixtures are relatneh nontoxic 

12 Sec al'O Grcenwald I Tour Pbarnncol and E\pcr Tln.’-ip 1915 vu 57 







TABLE 10 — PRorocoL of Experiment 1 Injection into a Dog of Third Normal Hydrochloric Acid, Followed by a 4 Per 

Cent Solution or Sodium Bicarbonate* 

MALE, WEIGHT, 8 6 KG 
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2 The injection of sodium phosphate (Na2HP04) (800 cc of a 
% molecular solution representing 28 5 gm of the salt) into an animal 
of 11 kg did not produce an alkalosis or increase the bulfer values, 
wheieas the injection of 750 c c of a %5 molecular mixture of di-so- 
dmm phosphate (Na^HPO^) and acid potassium phosphate (KH2PO4) 
at pH 7 0 into a dog weighing 6 65 kg , produced a mild acidosis with- 
out appreciable change in buffer values 

3 The intravenous injection of 300 c c of a phosphate mixture 
at pH 7 4, together with 300 c c of a 4 per cent solution of sodium 
bicarbonate m the case of a man dying in uremic coma, caused a change 
111 the pH of the blood from 7 35 to 7 55, and increased the buffer for 
alkali but not for acid There was no change in the clinical condition 
of the patient, who died two hours later 

Buffet Values in Expet iinental Acidosis and Alkalosis — (Tables 
10 and 11) It IS seen from Experiment 1 that m the acidosis produced 
by the intravenous injection of an inorganic acid (hydrochloric acid) 
the buffer values may remain practically normal, although there is a 
decided lowering of the alveolar carbon dioxid and a marked increase 
in the pH of the blood This is in accord with what is sometimes found 
in the acidosis of chronic nephritis with uremia and in that of diabetes 
(Table 6, Cases 4 to 9, inclusive) After injection of alkali to over- 
come the acidosis, there is a transient diminution in the buffer for 
alkali, followed by a prompt return to normal values as the pH of the 
blood is lowered 

In experimental alkalosis the buffer for acid is first diminished 
The alveolar carbon dioxid rises to unusually high figures — 63 7 mm 
in this animal After injection of sufficient hydrochloric acid to over- 
come the alkalosis and produce a mild acidosis with lowered alveolar 
carbon dioxid tension, the buffer for both acid and alkali is lowered 

In the instance of mercuric chlond poisoning (Case 4, Table 4), in 
which the patient received large doses of sodium bicarbonate both by 
mouth and intravenously, a similar condition of alkalosis was produced, 
though here the buffer values remained normal at this stage of the dis- 
ease, and the alveolar carbon dioxid tension was still low 33 0 mm of 
mercury 

SUMMARY 

1 A simple method is described for determining quantitatively the 
buffer value of the blood It consists in adding increasing amounts of 
fiftieth-normal hydrochloric acid and fiftieth-normal sodium hydroxid 
solution to equal quantities of blood and observing the resulting 
changes in hydrogen-ion concentration by means of the dialysis- 
mdicator method 
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2 The lesults are expressed m terms of cubic ceiitimeteis of fiftieth 
noimal acid or alkali per 2 c c of blood 

3 The bufifer values of blood for acid and alkali yield valuable 
information from a clinical standpoint The reserve and total buft'eis 
may also be calculated from the results of the determinations 

4 The minimal values for normal blood have been determined , 
considerably larger values may be encountered For a group of mis- 
cellaneous cases with normal pH, the average bufifer values were some- 
what lower, though within normal limits 

5 In certain cases with normal pH of the blood, but showing a 
tendency toward the development of an acidosis (as evidenced, foi 
example, by lowered alveolar carbon dioxid tension), the bufifer values 
weie diminished The loss of bufifer for alkali was far moie striking 
and frequent than for acid, and was often associated with lowered 
alveolar carbon dioxid tension As a result of therapy, especially the 
use of alkali, the bufifer values m some instances returned to noimal 

6 In a series of cases of acidosis the average bufifer values weie 
found to be markedly diminished, particularly during the stage m which 
the pH of the blood was abnormally high Normal bufifer values ma}" 
be encountered, ho^vever, m the presence of a true acidosis Coincident 
with clinical improvement following treatment, particularly intensive 
alkali therapy, both pH and bufirer values approximated or became nor- 
mal in several cases 

7 It was not possible to supply buffer to the blood by the injection 
of phosphate mixtures 

8 By the intravenous injection of third-normal hydrochloric acid 
and 4 pei cent sodium bicarbonate solution into dogs, conditions of 
acidosis and alkalosis were produced which were inconstantly accom- 
panied by changes in the buffer values of the blood 

9 The determination of the buffer value of the blood, cspecialh in 
cases m which an acidosis is suspected or present, yields information 
of some diagnostic and prognostic significance and permits of a more 
complete study of the factors concerned in the maintenance of the 
acid-base equilibiinm of the bod} 



AN ADAPTATION OF THE ERLANGER CAPSULE TO 
ANY POLYGRAPH FOR OBTAINING 
ARTERIAL PULSE RECORDS^ 


ROBERT H HALSEY, MD 

NEW YORK 


It IS now geiierall}’’ recognized that to understand property the 
action of the heart it is necessary to employ mechanical instruments 
which register for comparison the simultaneous events in its various 
chambers 


For the recording of events in the cardiac cycle two types of instru- 
ments have been devised one, for recording the ventricular contrac- 
tion, depends on the application to the artery at the wrist of a metal 
piece or knob of a tambour , the other depends on the application of a 
rubber cuff or armlet encircling the arm, attached to which is a hollow 
rubber ball of sufficient resilience to transmit the variations of pressure 
to the air within a surrounding glass sphere connected with a writing 
tambour By this latter method, and a careful regulation of the pres- 
sure within the closed system so that it shall be maintained at a con- 
stant level between the diastolic and systolic pressure, a graphic record 
can be obtained, not only of the heart rate and rhythm, but also, within 
limits, of the variations of the intra-arterial pressure This method 
becomes particularly valuable when clear, accurate records are desired 
of the pulse in conditions associated wnth pulsus alternans, or the vaso- 
motor variations of pressure occurring with periodic breathing of the 
Cheyne-Stokes type 

Of the instruments using this closed air pressure system, that 
devised by Erlanger’- record the variations with least instrumental 
variation The smoked paper attachment of this apparatus, however, 
renders the whole so bulky, and adds so many difficulties, that few 


clinicians attempt to use it at the bedside 

The instruments depending for the recording impulse on the appli- 
cation to the artery of a metal lever or knob, require so much time to 
make the application and adjustment, and are so easily throwm out of 
adjustment, that a great share of the patience and attention of the 
operator is consumed in this adjustment Often the conformation of 
the Avrist of the patient is such that no record can be obtained in this 
way These instruments are, for the most part, small, compact and 


^ Submitted for publication Jan 29, 1916 
1 Erlanger, Joseph A Criticism of the 
Archives Int Med , 1912, ix, 22 


Uskoff Sphygmotonograph, The 
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fairly accurate Thus, while one type of instrument has the advantage 
of small size and portability, the other has the advantage of ease and 
celerity in obtaining the arterial record 

There is, therefore, a place for a device which can be leadily 
applied, which will remain adjusted with the least attention, which 
will record variations of mtra-arterial pressure, and which can be 
employed with every other form of graphic machine These advan- 
tages seem to be obtained in the capsule of the Erlanger instiument, 
and I have had made by Messrs Schneider & Brothers, who made that 
instrument, a bulb modified as shown m the illustration To obtain 



Figure sho^\lng an adaptation of the Erlanger capsule for use v.ith any 
polygraph to record the arterial pulse The details are explained in the text 

records, the recording tambour of ain pohgrapli is connected vitli the 
glass bulb at A b} a tube m vhicli there maj be an equalizing \ahe 
The tube B is connected vith a leather cotered armlet vhile the tunc 
C can be connected with an\ splngmoinanomctcr The small inlet tube 
D, with the three-wa\ stopcock i*: used to control the supph of air 
to the closed sestem, which consists of rubber capsule in the glas- 
cliambcr armlet and spin gmomanometcr Tin stoj^cock i= «o arrange 
that b\ turning it as indicated to ‘on ’ ‘ ofi ‘ out,” the air can be 
pumped with an ordinarj atomizer bulb into the tabe= lien the al\e 
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IS set at “on,” and letained b}’’ turning the valve to “off,” but allowed 
to escape by turning the key to “out ” In the illustration, the pro- 
tecting caps are shown screwed on the ends of the straight tube, but 
of couise they must be removed to slip on the tubes connecting with 
the cuff and sphygmomanometer The sphygmomanometer is neces- 
sary to learn the systolic and diastolic pressure, so that the pressure 
in the recording system may be maintained at a constant point when 
recording, and that the changes in arterial pressure may be registered 
These changes occur most frequently in patients with Cheyne-Stokes 
type of breathing and with pulsus alternans The instrument renders 
it easy to apply to an aiteiy and retain in adjustment all polygraphs, 
makes it possible to take records with known pressure, and to obtain 
records showing maximum variations due to pulsus alteinans and vaso- 
motor changes 

158 West Fifty-Eighth Street 



A STUDY OF THE BLOOD IN HEMOPHILIA - 
S H HURWITZ, MD, and W P LUCAS, MD 

SAN TRANCISCO 

INTRODUCTION 

During the past few yeais the etiology of the hemorrhagic diseases 
has been the subject of considerable study The progress made in this 
direction has been due largely to an increase m our knowledge of the 
physiology of blood coagulation and to the de\elopment of new 
methods of study The literature of this period, indeed, has even given 
promise of an etiologic classification of hemorrhagic disease, but to 
the present time this goal has only been partly attained 

It has been possible, for instance, to demonstrate that certain of the 
hemorrhagic conditions are associated with a deficiency m one or 
another factor of coagulation there are on record instances of hem- 
orrhagic disease associated with abnormalities in the prothiombin and 
antithrombin content of the blood ^ There is also experimental evi- 
dence of the existence of certain types of hepatic disease with some 
tendency to abnormal bleeding due to a deficiency in fibrinogen - But 
on the other hand there are a numbei of clinical conditions chaiactcr- 
ized by a tendency to bleed, wdiich at the present time cannot be rigidly 
classified on the basis of a defect in the fibrin factors 

Certain forms of purpura, for instance, are attributed by most 
w’orkers to a deficiencj^ in the number of blood platelets Studies on 
the factors of coagulation m this disease have for the most part } icldcd 
negative results^ But repeated examinations of the blood of two 
patients wuth chronic purpura made over a period of ‘>ix months ha\c 

* Submitted for publication Jan 29 1916 
From the George Williams Hooper Foundation for Medical Research and 
the Pediatric Clinic, The Unucrsit\ of California Medical School 

1 Whipple, G H Hemorrhagic Disease Antithrombin and Prothrombin 
Factors Tin '\rchi\fs I\t Med, 1913, \ii 637 Howell, \\ H The Condition 
of the Blood m Hemophilia, Thrombosis and Purpura, Tin 'Vutnni^ Int Mid 
1914, xiii, 76 Drinker, C K and Hurwitz, S H The Factors oi Coigulation 
in Prlmar^ Pernicious Anemia The A.uchi\fs Int Mfd 191 n n\ 733 Fol- 
lowing the completion of the present paper, there appeared an extensne c'ikH 
In Minot Denin and Dtms (1 in \kchuis Int Mfd, 1916 '\ii 101) on »lu 
prothrombin and antitbrombin factors in i large number oi larud cli’iird 
conditions Their observation that some tepes oi purpura ma\ s|.f j, 
antitbrombin content coincides with our experience 

2 Whipple, G II Hemorrliagic Disease — Septicemia Mtleiia \'< 
r>nd Hepatic Cirrliosjv Tin \arnnis Int Mri> Fd2 n 365 

3 Howell W H Tlie Condition of itie Bloe<> Hemopl ili' Ti'-< t ' - 

'^nd Purpura Tin Xeniui' Int Mid 1914 n.ii 76 dso les' ' - e*'. j 

v'f Note 1 
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convinced us that certain chionic types of the disease may at times 
show blood abnormalities in addition to a platelet deficiency Thus, in 
the patients studied by us, fluctuations were observed at different times 
in the amount of circulating antithrombin periods of antithrombm 
excess occurred in waves during the course of the observations , but it 
could not be demonstrated that the increase in the amount of antithrom- 
bin was associated in any definite way with an aggravation in the 
severity of the clinical symptoms These few observations are only 
suggestive, and from them alone no generalizations are permitted con- 
cerning the part played by the factors of coagulation in this type of 
hemorrhagic disease It is not unlikely, however, that further studies 
may disclose other cases with a similar defect 

On the other hand, recent work has shown that the cause of hemo- 
philia may be ascribed with considerable certainty to an abnormality in 
one of the factors of coagulation, and that the hemophilic condition is 
characterized by certain reactions of the blood which distinguish it 
from other hemorrhagic diseases It is the purpose of this paper to 
present confirmatory evidence in support of this view 

VIEWS CONCERNING THE CAUSE OF HEMOPHILIA 

The nature of the explanations offered for the causation of hemo- 
philia varies with the theory of coagulation adopted If we accept the 
theory of Howell, there are five factors concerned in the clotting of 
blood — prothrombin, antithrombm, thromboplastin, fibrinogen and cal- 
cium All of these elements, except thromboplastin, are present in cir- 
culating blood Within the blood vessels prothrombin is held in 
combination with antithrombm and intravascular clotting is thereby 
prevented When, however, blood is shed, the antithrombm is neutral- 
ized by the thromboplastic substance of the tissue juices The liberated 
piothrombin is now activated by the calcium and the thrombin which 
results converts soluble fibrinogen into the insoluble fibrin or the clot 

According to the opposing view of Morawitz, only four possible 
factors need be considered The essential feature of this theory centers 
about the activation of thrombin, which, it is contended, results from 
prothrombin by the combined activity of calcium and a substance desig- 
nated as thrombokmase The existence of antithrombm m the circu- 
lating blood IS admitted by Morawitz, but it is not regarded by him as 
an essential part of the process 

The main distinguishing feature of the hemophilic condition is the 
greatly prolonged coagulation time of the blood when it is removed 
from the vessels with the precautions necessary to prevent its contami- 
nation with tissue juices All recent workers are agreed that this defect 
in coagulation is a constant pathological sign of the disease, but dif- 
ferent explanations have been given by different workers to account 
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for the delayed coagulabilit> Hemophilia has been ascribed, indeed 
to a deficiency m one or another of the vaiious elements which take part 
in the clotting of normal blood Without entering into a discussion 
of the experimental evidence given by each observei, it may be well to 
review biiefly the essential fact of the various views piesentecS 

Wright^ has attributed the hemophilic condition to a deficiency of 
calcium WeiP has given some experimental evidence foi the \iew that 
the delayed coagulability of hemophilic blood may be caused by the 
presence of an excess of some coagulatioji inhibiting body Sahh" 
and Moiawitz and Lossen,^ adopting the theory of coagulation pro- 
posed by Morawitz, have upheld the view that the essential defect in 
hemophilic blood may be ascribed to insufficient or defective formation 
of thrombokinase This view is shared for the most part by Nolf,® 
who believes hemophilic blood to be deficient in the substance desig- 
nated by him as thrombozym (thrombokinase, thromboplastic sub- 
stance) Aldis,® however, has given experimental proof for the view 
that the hemophilic condition is due to a change in the properties of 
the circulating prothrombin, and HowelP has concluded that not the 
property but the actual amount of prothrombin is altered in hcmonhih' 
blood 

Durmg the past year wc have had an opportunil}^ to maivc complete 
blood studies in five cases of hemophilia These patients all exhibited 
the hemophilic condition in marked degree, although it was not possible 
to obtain a definite history of hemophilia in the ascendants A stud) 
of the blood, however, showed in each instance the characteristic delay 
in the coagulation time and a striking deficienc) in prothrombin From 
the tabulated results it will be seen that the other factors of coagula- 
tion ueie present in normal amounts AYitli one or tuo exceptions, the 
absolute amount of antithrombin present m hemophilic blood vas sel- 
dom {greater or less than that of normal blood and the amount of 
fibrinogen vas found to fluctuate little from the normal 

Our conclusions support the \icv that the deficiency in prothrom- 
bin IS a constant characteristic of the hemophilic condition On the 
basis of this observation, it is essential that a definition of hcmojihiha 
not only include tlic clinical characteristics of cxcessne and immoderate 
hemorrhage and its transmissibihU as a sex-limitcd inheritance but 
also in addition the especial reaction of hemophilic blood vhich dis- 
tinguishes it fiom the blood of oilier hemorrhagic di'scasc^ aFo cliarac- 
tcn/cd by a tcndenc) to bleed 

•4 Wiicht \ ]' Bnt ^^cd Jour ii 223 ’lud I, ii, 57 

^ Well Emile P Prc'J'c mi.d 1005 mii, 673 

(> Salih II Zi'-chr i I hr Med hXlS 1 i 264 r)Le‘>^ch •' 

Mid 1010 \ci\ 518 

7 Morawu? P '>i.d Los'cn T Dcci'ch Arch : i-1 r 'c 

8 Xolf P Ercehr o ici Med, ]9i3 x 275 

0 Xcid’': T Tour Paih rmo B'^cl lO]] ^ , 427 
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METHODS OF STUDY 

1 Deteiminaiion of the Coagulation Time — The coagulation time 
of the blood was determined according to the method employed by 
Morawitz and BiericlT° and by Howell A specimen was obtained by 
venous puncture into a syringe coated with a thin layer of petrolatum- 
ether mixture Of the sample obtained, 2 c c were expelled at once 
into a thoroughly cleaned test tube measuring about 13 to 14 mm in 
internal diameter (the test tubes ordinarily used in bactenologic labora- 
tories serve well for this purpose) Tubes of the same diameter were 
used for all comparable determinations The observations were made at 
a constant temperature (about 25 C) Complete invertibility of the 
clot was taken as the end point of the reaction In each instance com- 
parison was made with a specimen of blood taken from a normal indi- 
vidual with the same precautions By this method the average clotting 
time of normal blood obtained in twenty-one tests was twenty minutes 
with a minimum of eight minutes and a maximum of thirty-three 
minutes 

It may be well to emphasize the importance of painstaking technic 
in obtaining blood for studies on the factors of coagulation, since a 
careless procedure may lead to erroneous results In studies on the 
fibrin factors, interest centers on these elements as they exist in the 
circulating blood rather than on their behavior when blood is shed 
The latter information is obtained better by a determination of the 
bleeding time,^'^ the duration of which depends on a number of addi- 
tional factors the potency of the tissue juices, the mechanical and 
chemical action of the blood platelets, and the elasticity of the skin 

When blood is obtained by skin puncture, admixture with tissue 
juices invariably results These exert an influence the extent of which 
cannot be measured, for it is obviously difficult to make certain that con- 
trol specimens will be exposed to the same wound surface, and receive 
the same amount of contamination with thromboplastic substance 
This point IS well illustrated by an observation on the blood of one 
of Howell’s® patients the coagulation time of 2 c c of blood with which, 
owing to defective technic, some tissue juice was mixed, was 10 minutes, 
whereas the same amount of blood obtained at the same time directly 
from a vein had a coagulation time between four and hve hours 

2 Reti action of the Clot and Enninei atwn of Blood Platelets 
It IS well known that normally a blood clot quickly retracts from the 

10 Morawit,c, P , and Blench, R Arch f exper Path u Pharmakol , 1907, 

Ivi, 115 ^ , , j 

11 According to Duke (Jour Am Med Assn, 1910, Iv, llSo) the bleeding 
time IS the tendency to bleed from a fresh cut The duration of such a hemor- 
rhage IS determined by blotting up on filter paper all the blood which nows 

a small incision at intervals of thirty seconds Each drop will give, in a roug 
waj the ^olume of blood shed in the given time interval 
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sides of the vessel in which it is contained and expresses seiiiin This 
phenomenon has been ascribed to the presence of the blood platelets 
A deficiency in the number of these elements and nonretractihty of the 
clot has been found to be a constant characteristic of some hemor- 
rhagic conditions, notably purpura hemorrhagica In both of these 
lespects, most observers have reported hemophilic blood to be perfectly 
normal, but since observations on the character of clot retraction may 
be made during a determination of the coagulation time, and since the 
enumeration of blood platelets is not difficult, a record of both of these 
factors should be made, if possible, in all complete studies of the blood 
in hemorrhagic conditions 

I'lie presence or absence of clot retraction is determined siinph 
incubating the clot at 37 5 C for from twelve to twenty-four hours 
In normal blood retraction begins after several hours, and is complete 
within eighteen to twenty-four hours, in pathologic blood, on the con- 
trar}’-, contraction may occur only after a long time or not at all 

For the enumeration of blood platelets a numbei of methods aic 
available, but that of Wright and Kinnicutt^- appears to have given the 
most reliable results in the hands of most workers It has been our 
experience that successful counts can be obtained only with frcshl} 
prepared solutions and with perfectly clean apparatus 

3 Qnanhtation of the Fihun Factois — Method of Notation — The 
recorded observations include only determinations of prothrombin, 
antithiombm and fibrinogen There is little of positne evidence in 
favoi of the view that a deficiency of calcium exists in hemophilic 
blood (Morawitz and Losseii," Nolf,® Addis,'* and Hess’’’) A consid- 
eration of this factor, therefore, may be omitted in this study Accord- 
ing to the best experimental proof the existence of a thrombokinasc in 
the sense of Morawitz is hypothetical What is usually de'^ignatcd as 
thrombokinase in the blood and other tissues is the coagulation accel- 
erating substance kiioMii under the terms of 7}moplastic (Schmidt) or 
thromboplastic substance (Nolf and Howell) Whether or not this 
material is deficient in hemophilic plasma cannot be determined with 
ain certaint} because no direct method of studMiig this factor is a\ail- 
ablc Some information concerning this substance as it exist*; m the 
blood can be obtained In an enumeration of the jilatelet'-, for thc'c 
elements as will be recalled are an important source of thromboplastic 
substance But information obtained from this source is *neonii)lete 
inasniuch as all of the formed cknicnts of the blood ha\e been sjiown 
to possess thromboplastic properties to a greater or less extent 

12 Wnclit T H nml Kinnicett Iv \ Xtw Mtthori rf Court iC t’ > 111 <> 

riUtkis lour \m \ssn , IQI] ]%■> 1^57 

n Hess \ r Dull Johns Hui'kia- Hr sp '\\i 572 
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Prothi ombtii and AnHthrombm —The methods developed by Howell 
for the determination of prothrombin and antithrombm have been 
reviewed extensively in recent literature (Howell/ Drinker and 
Hurwitz^^), and only brief reference to them will be made in this 
paper The prothrombin deficiency which forms such a distinguish- 
ing feature of hemophilic blood, in contrast with other bloods, is 
demonstrated very clearly if to the specimen of clear plasma obtained 
by first oxalating and centrifugalizing the blood, calcium chlorid is 
added in optimum concentration A specimen of normal blood so 
treated shows usually a coagulation time as measured by the inverti- 
bihty of the clot of about ten minutes, whereas, the clotting time of 
hemophilic blood, treated m a similar manner, may be delayed from one 
to four or five hours 

Protocol 1 gives the results of one of the comparisons made between 
hemophilic and normal blood (Table 1), and shows the manner in 
which the reaction is carried out in practice 


PROTOCOL 1 •— PROTiiROMBiN Test (Case 3, Nov 1, 1915) 


Oxalated 

Plasma, 

Drops 

1 

OaClc 

1 0 6 Per Cent , 
Drops 

i 

Coagulation Time 

! Patient 

1 

Control 

5 

1 

Clot m 24 hours 

14 minutes 

5 

2 i 

Partly clotted m 3 hours 

12 minutes 

5 

3 j 

Clot in 180 minutes 

14 minutes 

5 

^ i 

P irtly clotted m 3 hours 

14 minutes 


The control specimen of blood in this particular experiment, it will 
be noted, clotted in twelve minutes In order to indicate the extent 
of the delay in coagulation shown by the recalcified plasma, the term 
prothrombin quotient has been introduced This is obtained by dividing 
the coagulation time of the specimen of pathologic plasma containing 
the optimum amount of calcium by the coagulation time of the normal 
blood tested at the same time and by the same method In the 
present instance the prothrombin quotient is 180 divided by 12 or 15 
This indicates in a rough way that in this particular experiment the 
coagulation time of hemophilic blood was fifteen times that of normal 
blood In subsequent paragraphs it will be shown that this figure, 
however, has no especial clinical significance inasmuch as the gravity 
of the hemophilic condition has not been found proportional to the 
length of time required for the plasma to clot 


14 Drinker, C K , and Hunvitz, S H The Factors of Coagulation in 
Primary Pernicious Anemia, The Archives Int Med, 1915, xv, 733 
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The method of determining the amount of antithrombm in hemo- 
philic and in normal blood ma}’^ likewise be rendered cleaier b}' a 
specific example (Protocol 2) 


PROTOCOL 2 — Antithrombin Test" 
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found very useful The hemophilic blood is allowed to clot spontane- 
ously or else coagulation is hastened by shaking with glass beads, a|id 
determinations are then made of the serum albumin, serum globulin, 
and total protein The purpose of such a study would be to detect the 
presence of any abnormality in the protein pa,rtition products, should 
any arise during the clotting of pathological blood So far as the 
authors are aware, this phase of the study of hemophilic blood has 
received no attention from previous workers ' 

5 Fibiinolysis — The possible occurrence of fibrinolytic ferments 
in the blood of patients exhibiting hemorrhagic tendencies has been 
entertained by several observers Such ferments have been demon- 
strated in some intoxications in animals and in man in certain types of 
leukemia and in hepatic insufficiency Morawitz and Lessen, ' who 
studied this point in hemophilia, found no indication of fibrinolytic 
activity 

The test is easily carried out, and we believe should be done as a 
routine on every specimen of pathological blood examined It is sim- 
ply necessary to incubate the clot at body temperature, and to observe 
whether any dissolution occurs in the stated time interval Since the 
clot from any specimen of blood will undergo a certain amount of dis- 
solution if left in its serum a sufficient length of time, it is well to 
restrict the term pathological fibrinolysis to instances of complete clot 
dissolution occurring within twelve hours when the blood is kept at 
body temperature 

CLINICAL RECORDS AND BLOOD EXAMINATIONS 
In a thorough analytical study of the hereditary aspects of hemo- 
philia, Bulloch and Fildes^** conclude that instances of probable hemo- 
philia without demonstrated inheritance are comparatively few It is 
their opinion that the introduction of the “de novo” concept is based 
on the inability of authors to demonstrate the line of inheritance m 
their cases When it is remembered, however, that the other bleeders 
necessary to establish the inheritance of the condition may not be mem- 
bers of the same family, but of collateral branches, it is clear that the 
hereditary characteristics can be proved only with great difficulty 

It is fair to state that cases arising spontaneously or “de novo” 
without a history of bleeding in the family, have been recorded,*^ and 

19 Goodpasture, E W Bull Johns Hopkins Hosp , 1914, xxv, 330 

20 Bulloch, W , and Elides, P Eugenic Lab Memoirs, Univ of London 1911 
xii, 169 

21 Wright reports four cases without a hemophilic ancestry (Ref 23, p 926) , 
Bulloch and Elides give at length the history of a hemophilic family studied 
by Gettings, who was unable to find any instances of the disease among the 
collaterals, although these were widely inquired into over a number of genera- 
tions (Ref 20, pp 191 and 343) In four of Schloessmarn’s (See Ref 29) seven 
patients no history of heredity could be demonstrated, and this was true of one 
of Howell’s patients 
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that perhaps too much stress has been laid on the hereditary features 
In the patients observed by us no definite history of hcreditai} trans- 
mission could be obtained, notwithstanding care in questioning although 
It IS not unlikely that the bleeding tendency existed somewhere in the 
diiect ascendants or in the collateral branches of these families But 
It is not justifiable to exclude such cases from the group of hemophilia, 
because there is no evidence of a similar condition in the family lecord*^ 
As has been shown by Howell, hemophilia is characterized by certain 
pioperties of the blood which distinguish it from other hemorrhagic 
diatheses These, we believe, furnish a convenient method of making 
a diagnosis of hemophilia even in the absence of any pro\ed history of 
the existence of the disease in the patient’s antecedents 

Casc 1 — Cluneal Histoiy — (Hospital No 6305) George R, aged 6 jears 
American born, of Swedish parents, vas admitted to the Universit> ol Cali- 
fornia Hospital first in October, 1913, complaining of profuse and frequent 
nosebleed Since then the patient has received treatment in this hospital at 
four different tunes (Hospital Nos 6867, 8035, 9355, and 9572), each time 
for excessive hemorrhages associated with his hemophilic condition 

The patient’s father was living and well, his mother was a healtln woman 
44 years of age According to her account she had had frequent attacks of 
epistaxis, and wdien 24 years of age had a profuse hemorrhage following the 
extraction of a tooth She had noted that ‘‘black and blue” spots appeared 
occasionally on different parts of her bodj following slight trauma Concern- 
ing the patient’s ascendants, no definite information could be obtained, nothing 
was knowm of the paternal or maternal grandparents The patient’s aunt had 
four or five bo\s who were apparenth free of any hemophilic taint T lie 
patient had one sister 9 years of age who was in perfect health, and had at 
no time shown any signs of a hemophilic tendenev, and, according to studies 
of her blood there w'as no abnormahu existing at the present tunc (M R , 
Table 3) Two children had died when a few dajs old The cause of tlicir 
death was not known to the mother 

The patient was a full-term child, his dc\ clopmeiit had been normal The 
most important feature of his past history was an attack of pertussis at the 
age of 2M: jears The frequent hemorrhages from the nose, which form such 
a persistent symptom of his present condition, dated from tins inicetion In 
September, 1913, sc\eral weeks prc\ious to his first admission for epista^is, 
the patient cut his hand and bled for four da^s Bleeding from the nose con- 
tinued at inler\ ils during his first four months’ sta> in the hospital \t tunes 
the hemorrhages were \er\ se\crc and Aarioiis forms of treatment were tm d 
two direct transfusions with little immediate or permanent effect on bis conoi- 
tioii, and the injection of human and rabbit’s blood scrum and of rnbbu's 
whole blood both subcutaneoush and localh to the blecdinir points 

The patient was again admitted for profuse epistaxis tvtnt\-two da\' fol- 
lowing his discharge from the hospital T.\o dies alter ('itr'‘nce lu .s 

jireefusc hemorrhage from the stomach and lor the ru't fi '■ i>' s. t’ 

larre stools So far as coulo be learned, this ,\as tin firs* sign Cif u t j t-"n- 
inlestinal hemorrhages which had occurred also during h’s 1 -<<'"1 • 

the hospital Tiic treatment tins tine ccasicted sm^q, rf irc'I 'u.pW"' 

O’ ho’'Se serum to the nasal inucos Afte’’ ■> lOvir nniMis e’a fj-' 
lO Mae, 1^14't the patie’ i again retur’’cd 'v Ucirb' r 1‘114 Kca i^c c >* ^ 

irom a eeoumi n tlie cnin In Jute K-'IS the < cru'"''e,'ee r ‘ - ’• - ■ 

\omUinc of idood iieccss't-'cd J’c pnien’' ’'e < '’msc < a ’< .'le ' i i 

gasfo-mtest.'rd ne nr ’rha ge -• ,'hic' I'm! -qq -''t ! • , , 
i \ recurred 
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EAumtHohoH diid Chitical Couvsc — The positive physical findings were 
essentially the same during each admission extreme yellow pigmentation of 
the skin, sclerae, and mucosae, a loud blowing systolic murmur and a palpable 
liver and spleen During his first admission, a few small petechial hemor- 
rhages were noted over the skin of the chest, abdomen and thigh, and during 
his last admission a note was made of small purpuric areas over both legs and 
of a similar area of large size about the left elbow 

This time the patient remained in the hospital about three months On 
the first and second days following his admission, he received two subcu- 
taneous injections of his father’s blood, one of 6 cc and one of 20 cc Bleed- 
ing from the nose subsided, and the hemoglobin rose gradually from 15 to 
40 per cent (Dare) For a period of seventeen days (June 14 to June 30) 
the patient was fed on 0 1 gm of kephalin daily “ This was supplemented b> 
three subcutaneous injections of 0 05 gm of kephalin These injections caused 
a rise in temperature, and small areas of redness, infiltration, and local ten- 
derness From August 1 to 25 kephalin in doses of 0 1 gm was again admin- 
istered by mouth This therapy was continued with the hope of modifying 
the coagulability of the blood, although the patient, at the time the treatment 
was undertaken, had no severe attacks of bleeding 

CLINICAL SUMMARY AND BLOOD EXAMINATIONS 

Certain points in the history of this patient deserve special mention 
first, the absence of a definite history of bleeding in the family , second, 
the appearance of the first signs of uncontrollable hemorrhage at the 
age of 2 y 2 years following an attack of whooping cough, and their per- 
sistence with intermissions for a period of five years In this connec- 
tion It is of interest that the hemorrhages had been confined with few 
exceptions to the nasal mucosa, and that trauma had been a factor in 
their causation only twice, third, the absence of hemarthroses and 
articular effusions This is in striking contrast to the clinical histones 
of Cases 2 and 3, which will be discussed later 

At different times during the patient’s stay in the hospital and for 
a peiiod following his discharge from the hospital, studies were made 
of the factors of coagulation and of the formed elements For pur- 
poses of brevity, the separate protocols have been omitted and the 
results presented in Table 1 The first observations on the blood coagu- 
lability were made June 11, five days after a persistent nasal hemor- 
rhage The coagulation time was found markedly delayed, 335 minutes 
as compared with thirty-two minutes for a normal control Five days 
previously the patient had received several small injections of whole 
blood, which apparently had not influenced his condition The pro- 
thrombin, as will be noted from the table, showed the deficiency charac- 
teristic of this disease, the coagulation time of the recalcified plasma 
being about nine times as great as the control Antithrombin was pres- 
ent in very slight excess A second observation made September 
2 following an interhemorrhagic period of two months, showed the 
same marked delay in coagulation, although to a less extent, but, as 

22 The kephalin used in these studies was prepared according to the method 
outlined by Howell (Am Jour Physiol , 1912-1913, xxxi, 1) 
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will be noted, the deficiency in prothrombin was found to be actually 
moie marked This observation illustrates clearly that the extent of 
the delay in coagulation is demonstrated with greater accuiacy if the 
blood IS first oxalated and then recalcified The antithiombm at this 
time w^as present in normal amount, and remained uninfluenced by the 
admimsti ation of kephahn during the months of July and August 

Six w^eeks after the patient’s discharge fiom the hospital another 
examination of the blood w^as made (October 18) This observation i>^ 
of extreme interest, because the blood obtained wnth the usual precau- 
tions and without admixture wuth tissue juices show^ed a more rapid 
coagulation time and a less striking prothrombin deficiency Anti- 
thrombin w^as present in normal amount and the fibrinogen was slightly 
increased It is difficult to explain this great increase in the coagula- 
bility of the blood A similar improvement w'as noted also in Case 5, to 
wdiich refeience wull be made later It w^otild appear that coincident 
wnth the waves of improvement observed clinically in these patients, 
there may also be some altei ation in the coagulability of the blood 
This improvement, how^ever, w^as temporary, for tw^o final observations, 
one on November 10 and anothei December 15, exhibited the same 
delay in coagulation and the same prothrombin deficiency as were 
recorded in June The piothrombm observations in this patient showed 
that this factor is diminished in the intei hemorrhagic interval as well 
as during the period of active hemorihage The obsenations indicate, 
how^ever, that this deficienc} in jirothrombin may be less striking 
immediately followung a period of profuse bleeding 

From the tabulated results, it is apparent that the retractilit} of the 
blood in this instance w'as noinial This is well in keeping wuth the 
persistence of a normal platelet count throughout the period of obsorxa- 
tion These elements had been followed in this patient for o\er m ai 
(Table 4) but, wuth tw^o cxception<?, the} had been found normal or 
above normal The table contains also obscr\ ation^^ on the number of 
white corpuscles and the relatne percentage of caeh found in o\er 
twcntj-fiiAC counts It will be ‘^een that the a\cragc number ot UuKo- 
ewlcs m this senes wa<; 2.150 and that of these 55 ]>cr cent v eie jioh- 
morphonuclcar element': This m harmoin with the ob^r r\ ation^ of 
Wright-" and of Sahh,' both of w'hom found .i subnormal nurib» i of 
leukoextc': and a nnallcr percentage of poh morphonuckai eCK in 
hemophilie blood 

No fibnnohtic aetnitj wa^ noted in the blood of tln^ oitient .mo 
an anah^is of the ':erum expre':-!.!! Horn the clot ->fter u- ::lov lorni-’- 
tion >howed a noimal per<.cntai:e of ‘=erinn alhiimi i id oi => ri ’r 
globulin 

2' \\ ’-i-ilc \ r M'iin >- Mi,/ .r ' ' '' 



554 


THE ARCHIVES OF INTERNAL MEDICINE 


Case 2— Clinical 3)— (Hospital Nos 10055 and 10343)' James McC 

aged 6 years, was admitted to the University of California Hospital, October, ' 
1915 Three days before admission the patient fell^and struck his left eye 
The wound thus received was still bleeding on admission 

Although the parents were carefully questioned, no history of any hemophilic 
tendency in the immediate ascendants could be obtained The paternal grand- 
father was 78 jears old and in good health, the paternal grandmother died 
of cancer at the age of 48 years The maternal grandmother was 71 years 


TABLE 1 — Summary of Blood 


Case 

Date 

Hj drogen 
Ion Cone 

Coagulation Time, 
Minutes 

Ectrac 
tillty of 
Clot 

Fibrino 

lysis 

Platelets 

(Thrombo 

plastln) 



Case 1, G R 

G/11 


335 

32 


0 


i 

0/12 

78 

195 

15 

+ 

0 



10/18 


23 

16 

++ 

0 



11/10 

7 75 

210 

19 

+ 

0 



IC/IG 


220 

SO 

- 

0 


Case 2, J McC 

10/ 8 


49 

16 


0 

580,000 








(Oct 12) 


10/18 

7 Co 

240 

19 


0 



10/21 




- 


192,000 


10/28 


180 

30 


0 



11/ 5 

> < 

120 


T* 

0 



12/ 3 


ISO 

35 

+ 

0 



12/ 8 



15 

- 

0 



12/15 


138 

30 

+ 

0 



12/20 


210 

20 


0 


Case 3, D McC 

10/11 


225 

20 


0 



11/ 1 

7 75 


18 

+ 

0 



12/ 3 



15 

+ 

0 



12/ 8 


240 

15 

+ 

0 



12/15 

77 

145 

30 

+ 

0 

100,000 


12/20 


240 

20 

+ 

1 



* The reaction of the blood was determined colorimetncally by the method proposed hj 
Levy, Rowntree and Marriott (The Archives Int Med, 1915, \vi, 389) 


of age, she had two brothers and five sisters, who were well So far as 
could be learned, the sister's children were well, none having been troubled 
with bleeding 'The patient’s mother was of a family of two brothers and 
three sisters The brothers were well The one sister had two boys, both of 
whom were well 

The hemophilic tendency was first noted by the mother when ^ the child 
was 3 months old At that time she had noticed the appearance of ‘ black and 
blue” swellings over the soles of the feet and the backs of the elbows iollowing 
the slightest trauma When 2 months old the child fell and struck his head 
A large hematoma formed, which was opened Bleeding from the wound 
continued for about two months and left the child extremely exsanguinated 
At the age of 17 months the patient nicked his gum by the upper central 
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incisors and bled for a period of two weeks At 2^2 jcars of age, and again 
when 4 years of age, severe attacks of bleeding followed injuiics abo\c the 
right eye 

Joint effusions occurred repeatedly, the slightest trauma to an exposed 
joint having been followed by a painful sw'elling with areas of discoloration 
The knees had suffered more than aii}"^ other joints, and as a result of the 
repealed attacks these joints had become somewhat deformed, and showed 
considerable limitation of motion 


Ewmixatioxs in Cases 1, 2 and 3 
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five days, however, the swelling and ecchymosis had commenced to disappear 
On the sixth day, the pack was removed from the wound without the occur- 
rence of any bleeding As indicated m Table 1, the local application of 
kephalin was supplemented by intramuscular injections twelve injections of 
5 c c each of a 2^/2 per cent solution of kephalin in water were given from 
October 7 to October 15, and nine such injections of a 1 per cent solution 
in 6 per cent dextrose, from October 16 to October 27 Notwithstanding the 
frequent repetition of these injections, no local induration or tenderness 
appeared, nor did the patient show any untoward constitutional symptoms 

Three weeks after admission a slight trauma of the right ankle caused a 
hemarthrosis which subsided within a week, but for which the patient was 
readmitted several weeks later During this second admission, the effects of 
suberythema doses of Roentgen ray'* on the factors of coagulation was tried 
^ Exposure of the long bones was made daily from December 1 to 4 and from 
December 8 to 11 with an intermission of four days The principles under- 
lying this mode of treatment and its value in this disease will be discussed 
in subsequent paragraphs 

Case 3 — Clinical Histo)y — (Hospital No 10345) Daniel McC , aged 9 years, 
brother of James McC, was admitted in November, 1915, complaining of swell- 
ing and pain in the left knee joint 

Both brothers gave strikingly similar histones, m the younger of the two, 
the sj'mptoms of the disease had also appeared early in infanci' The mother 
stated that when the child was 3 months old, she had noticed for the first 
time bluish areas of discoloration over different parts of the body subjected 
to the slightest injury When 11 months old, on first attempting to walk, the 
child injured his right knee This injury, although not severe, caused an 
effusion into the joint From that time to the present, considerable difficulty 
had been experienced with bleeding from minor accidents, three very severe 
hemorrhages having occurred between the ages of five and seven years two of 
these followed cuts over the right and left eyes, and one followed an injury 
to the palm of the right hand, from which oozing continued for four months 
Nearly every exposed joint in the body had been the site of an effusion At the 
age of 4 years a fall on the left elbow resulted in complete disability for a 
period of a year When 8 years of age, another severe hemorrhage followed 
the loosening of an incisor tooth 

Examination and Clinical Course — Many ecchymotic areas of varying size 
were present over the arms and legs These, together with the joint mani- 
festations, constituted the chief findings on physical examination All of the 
joints were found somewhat enlarged, but the knees were principally affected 
The right knee was irregular m contour, and showed some impairment of 
motion The left knee was swollen and tender A few ecchymotic areas were 
present above and below the patella Roentgenograms of the left knee showed 
marked distention of the synovial sac and some loss m definition of the articu- 
lar surfaces The latter presented the appearance of a chronic arthritis Frve 
days’ rest in bed and moderate immobilization of the joint caused some 
absorption of the effusion and a subsidence of the pain, but the effusion 
leturned following a repetition of the trauma, once fourteen days and again 
twenty-four days after admission 

In this patient also a study was made of the effect of short exposures o 
the Roentgen ray on the coagulability of the blood Eight exposures o 
5 milliampere minutes each were given, the interval between each four expo- 
sures being four days At the end of this period the exposures were stoppe 
because the reduction m the number of platelets and the prolongation o e 
bleeding time made it unwise to continue the treatment 


24 Exposure made at 12 inch target skin distance with Coohdge tube, 3 mm 
aluminum filter, 6 inch parallel spark gap, 5 milliampere minutes, 1/20 eiTthem^ 
dose We are much indebted to Dr H E Ruggles of the University of Cali- 
fornia Hospital for making the exposures 
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CLINICAL SU-MMXRY AND IJLOOD TXAMINATIONS OF CASES 2 AND 3 

The clinical histones of both brothers differed in se^eral intciesting 
points fiom that of Case 1 In them the first symptom of the hemo- 
philic condition made its appearance in early infancy The application 
of trauma was foi the most part the initiating cause of the hemorrhages 
beneath the skin, from the open wounds, and into the s^noMal sacs 
Repeated iinolvement of the joints, especially the knees, was one of 
the most striking symptoms m both patients, and in each instance these 
aiticular lesions resulted in chronic arthritis with dcformit) and 
disability 

The blood of each of these patients showed during every examina- 
tion the characteiistic prothrombin deficiency It will he noted, how- 
ever, that wnde fluctuations in this factor were obsened fiom time to 
time These vaiiations may best be considered m connection wnth the 
clinical condition and the form of treatment which w’as cained out 
The first examination of the blood in Case 2 was made four da}s after 
the onset of bleeding (October 8) As the tabulated results indicate 
the coagulability of the blood during this period was markedl} 
inci eased This is the only time that such a diminution in coagulation 
time during an attack of hemorrhage was obscr\ed in ain of the 
patients Increased coagulability of the blood, on the other hand, ha^ 
been noted twnce during the interhemorrhagic period (Cases 1 and 5) 
It w^ould seem, theiefore, that the contention of Sahli*'’ that, during the 
hemorrhagic peiiod hemophiliacs usually show a reduced or even a 
normal coagulation time, is not supported by our studies 

In other respects the blood of both brothers showed no abnormali- 
ties Clot retraction was normal, and the percentages of the ccriim 
proteins and the plasma fibrinogen did not \ar> widel} from \alue'; 
obtained for normal blood With one excejition, the antithroml)m 
factor approximated one In both patients a transitory antithrombm 
excess was obscr\cd about forty -eight hour'; following the commence- 
ment of exposure to the Roentgen ra^s The effect of <^11011 exjio'^urc^ 
on the prothrombin-antithrombin balance will be di‘=cu'-<-ed later 

C\si 4 — Chntcal l^islor \ — Arthur S aced 15 >tars came to the Of'cal 
clinic of the Unl\cr':lt^ of California in June, 1*^15, complaining o’ tco'hrcht 
Because of his unusual histor\ of repeated attacks o: uncontrollal Ic 1 C'" 
rhage. Dr C R Giles kindh referred him to us 'or r.hvf'- itjrns <- jn* 
coaculahilit\ 01 the hlood 

lar IS we could learn from the p ‘ticn s nu thcr i,n 1 Led at < 1 
had existed in an\ nieinhers 01 her ’•’inih She had tAn- sjs*, -v ^1' o,' - , 
had ho\s hut none of tlic^e I’ad i s'lnd tr trouLic ‘^h D-o] * ’ 

one ho\ aged 5 tears o, accoun of u e 1 i u*' . - 

-■ccidcta But It vas not possible to fmel on, n c ex'-c* c rc t s« ct " 

*his Ixn s c cam It i' o' nte'es* c’xic -cm - - ’ -C" ' 

V W-’S u-’-i 1 tea’ t’u '’>'-a’,oa ”iv ’u ' , 'c' c •- r - v 
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The patient showed the first signs of the hemophilic tendency in early 
infancy Circumcision performed ten days after birth w'as attended by pro- 
fuse bleeding from the W'Ound lasting for a number of days From that time 
to the present great difficult}^ had been experienced with bleeding from minor 
accidents When 1 jear old the patient bit his tongue and bled profusely 
for six da\s A similar accident to the gums tw'O and a half years later 
again resulted in a profuse hemorrhage This was unaffected by the applica- 
tion of styptics and the thermocauter:^ The first attack of epistaxis occurred 
at the age of 4 years, and since then the attacks have been frequent, especially 
in warm weather Three very severe hemorrhages occurred between the ages 
of 6 and 10 j'ears the first followed an injury to the hand, wdiich bled for 
over a w'cek, the second and third attacks of bleeding rvere occasioned by 
extraction of teeth Several months ago the patient again had four teeth 
extracted, and bled for seven to eight days 

Case 5 — Clinical History — Edward O, aged 11 months, came under observa- 
tion in October, 1915 The patient was seen first by Dr Florence M Holsclaw, 
to W'hom w'e are much indebted for the opportunity of studying the blood and 
for the clinical notes 


TABLE 2 — SuMJiAR\ of Blood 


Case 

1 

1 

Date 

1 

Hydrogen 
Ion Gone 

Coagulation Time, 
Minutes 

Retractilitj 
of Clot 

Pibrlno 

1\-|S 

P H 

Patient 

Control 

Ca«o 4, A & 

' 6/21 


150 

23 

+ 

0 


^ 10/29 

78 

210 

31 

+ 

t 

0 


11/20 

77 

150 

20 

i 

+ 1 

0 

Case 5, r 0 

' 10/2G 


305 

( 

30 

( 

+ 

0 


, 11/18 

76 

50 


+ 

0 


1 12/15 



I 

i 




12/20 


120 

20 j 

++ 

0 


The baby was an illegitimate child, and because of this circumstance, 
information concerning the famih historj was not obtainable The essential 
facts regarding the child's health since birth and the circumstances pertaining 
to the present illness were obtained from Dr Holsclaw 's records From this 
account it was apparent that the child had been in perfect health before the 
onset of the present illness A w’cek before the bab> came under obsenation 
the nurse had noticed se\cral “black and blue” spots, both large and small 
‘icattcrcd oier the bodt It was also noted that the child was fretful, nciwous 
and wakeful at night Two dajs following the appearance of the ccchjmosc’; 
on the bodj, similar ones were noticed o\er both checks, and a few da\s 
later (October 21) a large swelling imoKing the whole of the left cheek 
appeared The skin oier the swelling was discolored, tense, and shinj, and 
the aeiiis o\cr it were dilated The interior of the mouth was dark purplish 
in color llicrc was also a bulging inside apparent!} due to an cfTiision oi 
blood under the nuicous membrane Palpation of this swelling did not elicit 
pain and there was no ele\ ition of temperature 

The bab\ was taken to Lane Hospital, October 22. where the coagulation 
time oi tile blood was tested ( \ddis) Ihis was oiil} rouchls estimated since 
It seemed undesirable to puncture a icin or cicn to make a new skin puncture 
Onl} blood coring from a puncture in the big toe made some hours before 
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able Capillan' tubes ^\crc filled with this blood, and these iiere 
;stimating the coagulation time In two tubes tunes of sc\cntcen and 
mutes were observed as compared with a normal of seven minutes 
[ the next few' days the swelling and ecchymosis of the left cheek 
I to disappear, and bleeding from the needle prick made in the big 
days previously (October 23) was at length stopped by pressure 
!6 the child was brought to the University of California Hospital 
iipuncture was done for a study of the factors of coagulation Two 
caminations w'crc made subsequent!}', one November 18 and another 
20 At the time the patient w’as seen last, the swelling of the check 
st entirely disappeared, the “black and blue” spots had faded, and 
s general condition w'as excellent 

LXAMINATION OF THE BLOOD 

main points derived from a study of the blood of both of these 
have been presented in Table 2 In a general way the findings 
cases correspond to those recorded in Table 1, but it may be 


ASrs 4 AND 5 


Prothrombin 


Antithrombin 


1 

1 PibrinoRcn 
in Gm 
per 100 c c 

1 

' Control 1 

Quotient 

Patient 

Control 

Quotient 

9 

8 

li 

i 

17 i 

1 

08 

0 378 

IG 

G 

43 

S7 I 

11 

0 425 

12 

10 

SI 

28 ' 

11 

0 CSO 

19 

0 i 

CO 

1 

53 

1 

10 


17 

I 

5 

120 

90 

i 

IS 


14 1 

14 

« 

ITO 

149 

1 1 

• 


call attention to seieral features which desene special 
ation 

ng the period of observation, the fourth patient had no attacks 
mg, hut the blood show ed, ncA erthelcss, the characteristic delay 
ilabiht\ and a marked prothrombin deficienc} All of the other 
s. as will he noted, were normal The first ohscr\ ation in Case 
le other hand was made onh a few dai= after the onset of 
lagc, and while the patient wa'' still bleeding It will he 
d that the coisiulation time was markedh prolonged and the 
.nbin much reduced in amount During a subsequent txamina- 
weier mule about three weeks later, when actne bleeding liad 
cea'-cd great iinproxement was noted also in the condition of 
•d- but ns IS charactensuc of th.s disease, the increase in nlood 
hililN was onh temporari for a third ob<cr\ ation a month late'* 
’ return to the initial condition 







560 


THE ARCHIVES OF INTERNAL MEDICINE 


The observations on the blood platelets m this patient are of extreme 
interest It will be recalled that a small skin puncture, made several 
days after the onset of the symptoms, bled for about three days not- 
withstanding the application of firm pressure This extreme prolonga- 
tion of the bleeding time is well in keeping with the low platelet count 
(64,000) obtained at this period Enumeration of these elements about 
two months later, when all signs of acute hemorrhage had disappeared, 
showed them to be normal It is justifiable to conclude, therefore, that 
the extreme prolongation of the bleeding time was due in this instance 
to a deficiency in blood platelets None of the other patients observed 
showed such a marked platelet deficiency , and it would appear that its 
occurrence is rare m hemophilia, although reduction m the number of 


TABLE 3 — Results of Examination of Blood of Sister of Case 1 and of 
Mother and Sisters of Cases 2 and 3 


1 

Cose 1 

1 

Member of Family 

Coagulation 
j Time, 

j Minutes 

J 

Prothrombin 

Antithrombln 

Pa 

tient 

1 

Con 

trol 

Pa 

tient j 

1 

Con 

trol 

Quo 

tient 

Pa 

tient 

Con 

trol 

Quo 

tient 

1 

Sister (M R) 

1 

23 

— 

0 

10 1 

09 

17 

19 1 

09 

2 

Sister (Agnes McO ) i 

i 23 

20 

12 

9 

13 

58 

49 

11 


Sister (4dcllne McO ) 

' 20 

23 

12 

10 

12 

52 

50 

10 


Mother 

1 

1 16 

19 

14 

10 

14 

20 

25 

08 


these elements has been noted by some observers Of interest also 
is the fact that the prothrombin remained low even when the platelets 
had returned to a normal level The relation of blood platelets to the 
origin of prothrombin will be considered in another connection 


DISCUSSION or RESULTS 

Apart from the special abnorniaht} in the fibrin factors to winch 
reference has been made, a study of the blood of our hcinopliilic patients 
showed that hemophilic and normal bloods differ in no other respect 
According to our observations, a cliange in tlie activit} of the fibrin 
factors IS not due to any alteration m the reaction of the blood, for 
we ha^e found the h)drogen-ion concentration of hemophilic blood 
serum to ^ ary little from that of normal blood There also is no abnor- 
nialit} in clot retractilitj , which constitutes the third phase of coagula- 
tion In this respect hemophilia differs from some other hemorrhagic 


25 Austin, J H, and Pepper, O H 
Coagulation of Oxalated Plasrna,_w itli a 
AnenwES Int Med, 1913, xi, 305 


P Experimental Obser^atlOIl‘: on the 
Stud> of Some Ca^es of Purpun, The 
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conditions, notably pnrpnia, in which this phase of coagulation has 
been found abnormal The clot in hemophilic blood is slow to form, 
but it possesses normal letractile powei , in fact, m several instances, 
the reti action of the clol and the expiessioii of serum was greater in 
hemophilic than m normal blood 

In still another particular, hemophilic blood has been found normal 
An analysis of the serum after coagulation has shown that the percent- 
age of serum albumin and serum globulin approximates very closely 
that of noimal human blood It is true, as the tabulated results show 
(Table 6), that the average peicentage content of total proteins is some- 
what diminished in hemophilic blood, and that the globulin fraction 
shows a slight relative excess, but these differences are too small to 
possess real significance On the whole, the results indicate that no 
abnoimality m the piotem partition products arises during the clotting 
of hemophilic blood, and that the change observed in the fibrin factors 
cannot be brought into association with any alteration in the serum 
pi otems 

As alieady pointed out, oui observations supporkthe view of Howell 
that the essential cause of the delayed coagulability of hemophilic blood 
is atti ibutable to a deficiency in the circulating prothrombin The other 
factois of coagulation have been followed Gravimetric determinations 
of the fibiinogen content of hemophilic blood have convinced us that 
no abnoimality exists m this element This finding is in harmony with 
those of Sahh,'* who weighed the fibrin produced by the coagulation of 
hemophilic blood, and found it to be within the limits of normal varia- 
tion That no qualitative defect in this factor exists has been shown 
by Addis By the addition of varying amounts of thrombin to fibrino- 
gen prepared fiom hemophilic blood and from normal blood, he was 
able to demonstrate that the foimer clots as rapidly as the lattei It 
is possible to conclude from the available experimental evidence, there- 
fore, that no qualitative or quantitative defect exists m the fibrinogen 
of hemophilic plasma 

Accoiding to our results, the amount of antithrombm in hemophilic 
blood aho exhibits little v ariation from the normal For the most part, 
the antithrombm quotient was only sliglitl) abov’^e or below one Such 
tluctuatioiis as w ere obscrv ed ma} be considered to he within the experi- 
mental on or foi the quotient seldom <^how ed v anations from one greater 
than several tenths It is of interest that a definite excess of anti- 
ihiombin wa"? demonstrable in the blood of two patients about fortv- 
eight hours after the commencement of Roentgen-rav exposures (Cases 
2 and 31^ This use however was onh transitory and was no longer 
present five dav.^ later These results do not support the view held\v 
-ome observers that the dolavcd coagulabilitv of hemophilic blood is 
line to an abvolute exce-^ of antithrombm nor are thev m harmony 
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The observations on the blood platelets in this patient are of extreme 
interest It will be recalled that a small skin puncture, made several 
days after the onset of the symptoms, bled for about three days not- 
withstanding the application of firm pressure This extreme prolonga- 
tion of the bleeding time is well in keeping with the low platelet count 
(64,000) obtained at this period Enumeration of these elements about 
two months later, when all signs of acute hemorrhage had disappeared, 
showed them to be normal It is justifiable to conclude, therefore, that 
the extreme prolongation of the bleeding time was due in this instance 
to a deficiency in blood platelets None of the other patients observed 
showed such a marked platelet deficiency , and it would appear that its 
occurrence is rare in hemophilia, although reduction in the number of 


TABLE 3 — Results of Examination of Blood of Sister of Case 1 and or 
Mother and Sisters of Cases 2 and 3 


1 

Case f 

1 

1 

Memlier of Fnmlly 

Coagulation 
t Tune, 

Minutes 

1 

! Prothrombin 

Antithrombin 

Pa 

I tient 

Con 

trol 

Pa 1 
tient 

Con 1 
trol j 

Quo 

tient 

Pa 

tient 

Con 

trol 

Quo 

tient 

1 

Sister (MR) 

23 

— 

1 


09 

17 

19 

09 

2 

Sister (Agnes McC ) 

1 23 

1 i 

20 

12 

9 


58 

49 

11 


Sister (Adeline McC ) 

20 

23 

12 


B 

52 

50 

10 


Mother 

16 

19 

14 


B 

20 

1 

25 

08 


these elements has been noted by some observers Of interest also 
IS the fact that the prothrombin remained low even when the platelets 
had returned to a normal level The relation of blood platelets to the 
origin of prothrombin will be considered in another connection 

DISCUSSION or RESULTS 

Apart from the special abnormality in the fibrin factors to winch 
reference has been made, a study of the blood of our hemophilic patients 
shoved that hemophilic and normal bloods differ in no other respect 
According to our observations, a change in the activity of the fibrin 
factors IS not due to any alteration in the reaction of the blood, for 
we ha^e found the hydrogen-ion concentration of hemophilic blood 
serum to \ary little from that of normal blood There also is no abnor- 
maht\ in clot retractilit) , v Inch constitutes the third phase of coagula- 
tion In this respect hemophilia differs from some other hemorrhagic 

25 Austin, J H, and Pepper, O H P Expenment-il Observations on the 
Coagulation of Oxalated Plasma, with a Studj of Some Cases of Purpura, nn 
Archives Int Med, 1913, xi, 305 
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conditions, iiotabl}' purpura, in A\hich this phase of coagulation has 
been found abnormal The clot in hemophilic blood is slow to form, 
but It possesses normal retractile power, in fact, m several instances, 
the retraction of the clot and the expression of serum was greater in 
hemophilic than m normal blood 

In still another particular, hemophilic blood has been found normal 
An analysis of the serum after coagulation has shown that the percent- 
age of serum albumin and serum globulin approximates very closely 
that of normal human blood It is true, as the tabulated results show 
(Table 6), that the average percentage content of total proteins is some- 
what diminished in hemophilic blood, and that the globulin fraction 
shows a slight relative excess, but these differences are too small to 
possess real significance On the whole, the results indicate that no 
abnormaht}’- m the protein partition products arises during the clotting 
of hemophilic blood, and that the change obser\ ed m the fibrin factors 
cannot be brought into association with any alteration in the serum 
proteins 

As already pointed out, our observations supporWhe view of Howell 
that the essential cause of the delayed coagulability of hemophilic blood 
IS attributable to a deficiency in the circulating prothrombin The other 
factors of coagulation have been followed Gravimetric determinations 
of the fibrinogen content of hemophilic blood have convinced us that 
no abnormaht}' exists in this element This finding is m harmony with 
those of Sahli,® who weighed the fibrin produced by the coagulation of 
hemophilic blood, and found it to be within the limits of normal varia- 
tion That no qualitative defect in this factor exists has been shown 
by Addis ° By the addition of varying amounts of thrombin to fibrino- 
gen prepared from hemophilic blood and from normal blood, he was 
able to demonstrate that the former clots as rapidly as the latter It 
IS possible to conclude from the available experimental evidence, there- 
fore, that no qualitative or quantitative defect exists in the fibrinogen 
of hemophilic plasma. 

According to our results the amount of antithrombin m hemophilic 
blood also exhibits little variation from the normal For the most part, 
the antithrombm quotient was only slightly above or below one Such 
fluctuations as w ere observ'ed may be considered to he within the experi- 
mental error for the quotient seldom showed \ ariations from one greater 
than se\eral tenths It is of interest that a definite excess of anti- 
thronibin was demonstrable in the blood of two patients about forty- 
eight hours after the commencement of Roentgen-ray exposures (Cases 
2 and 3) This rise however was only transitor}--, and w^as no longer 
present five da} s later These results do not support the view held%' 
some obser\ers that the delayed coagulabiht}- of hemophilic blood is 
due to an absolute excess of antithrombm nor are they in harmony 
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with the experiments presented by other workers to prove that hemo- 
philic blood contains less of this coagulation-inhibiting substance ' On 
the whole, our work supports the conclusion that there is no marked 
difference between the absolute amount of antithrombin contained in 
hemophilic and in normal blood plasma, although it is clear that this 


TABLE 4 — Record of Leukocytic and Platelet Counts from October, 1913, 

TO October, 1914, in Case 1 


Date 

Platelets* 

W B C 

Poly 
morpho 
nudears. 
Per Cent 

Large 

Bound, 

Per 

Cent 

Lympho 

cytes, 

Per 

Cent 

Eosino 

phils. 

Per 

Cent 

EemnrLs 

10/ 9/13 

280 000 

3,900 

636 

36 

318 

1 


(W &K) 








211,000 


67 

2 

31 




(P) 







10/14/13 

400,000 

6,400 

67 

6 

26 

1 

Bleeding time 


(W &K) 






1 mm 5 sec 

10/16/13 

350,000 







10/20/13 

860,000? 

8,100 

54 

10 

36 



10/23/13 

456,000 

7,000 

60 4 

4 

35 

06 

Bleeding time 







3 min 20 see 

11/ 4/13 

324,600 

5,200 

59 6 

43 

361 



11/12/13 


4,600 

45 

18 

36 



11/13/13 


6,700 

69 

5 

34 

1 


11/13/13 


6,00C 

65 

6 

29 



11/17/13 

416,000 

6,400 

63 

7 

SO 



11/19/13 


5,100 

46 

21 

SO 

1 


11/21/13 


3,600 

49 

17 

S3 



11/24/13 


3.400 

41 5 

86 

48 4 

1 


12/ 1/13 


7,200 

47 

4 

47 

2 


12/ 8/13 


' 8,200 

46 

11 

13 



12/18/13 

1 

1 7,000 

60 

10 

40 



12/28/13 


' 4,200 

40 

5 

65 

1 


1/ 6/14 

1 

1 

' 3,400 

33 

4 

58 

i 

t 


2/ 2/14 

■ 

! 8,i00 

60 

75 

30 

1 


2/13/14 

372,000 

' 6,200 

54 

15 

20 

1 


2/20/14 

, 256,000 

1 6125 

43 

31 

23 

1 

Bleeding time 

5 min 

3/ 8/14 


i 5,380 

40 

10 

46 

3 


3/20/14 

' 184,000 

1 7,400 

55 

15 

28 



4/ 2/14 

160 000 





) 


10/ 9/14 


11 400 

53 

5 

34 

1 

Bleeding time 
4'/£, min 

10/18/14 

1 

' 10 000 

05 

75 

26 

J 

■> 



crriEO 


2 130 


33 


* Dll' method of cnunicntinfr tlic plntclcts u'^erl !« ^ ^ p mpnir 

iployed is stated in the records W and K means Vri^lit and Kinnicutt s me 
ritt’b method For tlic most part one or tlie other of the c tvro method- tv 
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substance must be present in relative excess in hemophilia m propor- 
tion to the extent of diminution of the available prothrombin 

The deficiency m the amount of prothrombin was demonstrated by 
the simple procedure already described of oxalatmg the plasma and 
then adding to it the optimum amount of calcium Our studies make 
it possible to state with confidence that this procedure furnishes a 
reliable means of differentiating hemophilic blood from the blood of 
other hemorrhagic conditions Although this element has been fol- 
^ lowed throughout various periods of the disease, at no time has it 
been found normal It has been our experience that wide fluctuations 


TABLE 5 — Record of Leukocytes and Platelets, Cases 2 and 3 

Case 2 (J McC ) 


Date 

Platelets 

W B C 

Poly- 
morpho 
nuclears. 
Per Cent 

Large 

Bound, 

Per 

Cent 

Lympho 

cytes. 

Per 

Cent ' 

1 

Eosino 

Phils, 

Per 

Cent 

KemarlvS 

H/24/lo 


8,300 

70 

9 

21 


Eoentgen ray exposures 








commenced 12/1 and 








ended 12/11 

12/ 3/15 

216,000 

15,200 

! 53 

1 10 

1 83 

1 2 


12/13/15 


11,800 

64 

12 

24 

1 

1 

12/15/16 j 

160,000 ' 

1 

1 

1 

! 

! 


Bleeding lime prolonged 




Case 3 (D 

McC) 



10/10/15 

1 

12,900 

j 94 

15 

4 


Eoentgen ray exposures 




1 




commenced 12/1 and 








ended 12/11 

10/15/15 

580,000 

11,150 

1 66 

10 

32 

3 


10/22/15 

192,000 


; ,0 

8 

21 

1 


11/24/15 


10,400 

1 53 

10 

34 

4 


12/ 3/15 


13,000 

: >>3 

1 ^ 

40 

2 


12/13/15 

1 

14,600 

1 72 

; 7 

j 20 



12/15/15 

1 204,000 



1 

f 

1 




in the amount of prothrombin may exist during the hemorrhagic as 
well as during the interhemorrhagic periods of the disease, and that 
the degree of this defect bears no definite relationship to the seventy 
of the clinical symptoms This point is well illustrated by the obser- 
\ations in Cases 1 and 2 In both of these patients a less marked 
1 eduction of the circulating prothrombin was noted immediately after 
an attack of bleeding, but a similar increase in this factor has been 
observed also during the interhemorrhagic period On the basis of the 
experimental evidence at hand, it is therefore impossible to make any 
definite statements concerning this point 
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Although It can be stated with a fair degree of certainty that the 
proximate cause of the delayed coagulability is due to a diminution in 
prothrombin, the ultimate cause of the condition is still a matter of 
speculation Some knowledge concerning this more fundamental prob- 
lem can be gamed from the studies on the origin of prothrombin So 
far as is known at present, the circulating prothrombin of the blood 
plasma is furnished by the blood platelets This fact is based on good 
experimental evidence But it is difficult to bring these observations 
into harmony with the well-known fact that the number of blood plate- 


TABLE 6 — ^Albumin, Globulin, and Nonprotein in Hemophilic Blood Serum 


Patient 

Date 

Total 
Protein 
Per Cent 

Total 
Albumin 
Per Cent 

Total 
Globulin 
Per Cent 

Albumin, 

Per 

Cent of 
Total 
Protein 

Globulin, 

Per 

Cent of 
Total 
Protein 

Non 
protein 
Constitu 
ents, 
Pro Cent 

G JR , Case 1 

Il/IO 

73 

54 

19 

74 

20 

10 


1 12/15 

66 

51 

1 5 

76 

24 

12 

J McC , Case 2 


69 

52 

17 

75 

25 

11 


11/ 5 

66 

48 

18 

73 

27 

12 

1 

12/ 3 

G4 

1 

53 

11 

82 

IS 

1 0 

D McC , Case 3 

10/11 


50 

21 

70 

SO 



11/ 1 


42 

28 


40 



12/ 3 


45 


61 

30 

10 


12/15 

1 

50 


05 

35 

11 

1 

A S , Case i 1 


72 

53 

19 

73 

27 




73 

53 

20 

73 

27 

1 1 

E 0 , Case 5 ' 

11/18 

67 

59 

08 

88 

12 


1 

12/20 j 

1 66 

0 o 

1 1 

82 


1 u 

Averages ! j 

69 

■ 

18 

73 

20 j 

10 

Normal human j 

serum* 

7 94 

0 20 

B 

78 

( 

1 

22 ! 1 09 


* Tlie figures for tlio percentage concentrntion of scrnin nlbiiinin and scrum globulin In 
norm il Iniman blood scrum are tlie averages obtainci bj Tranter and Roue (Tour \m le 
Vssn I'JI". l\-\ , 1133) on ibout tliirtv normal scrums 


lets m hemophilia is normal In explanation of this paradox, it has 
been assumed that the defect in question is attributable to a functional 
rather than to a numerical change in these elements This assumption 
has receiied some experimental support from the recent work of 
Fonio As this vorker has shown platelets denied from hemophilic 
blood are less potent in hastening the clotting of such blood than are 
platelets obtained from normal blood Fonio refers this defect of 
hemophilic platelets to a diminished thrombozim (thromboplastin) 
content but it would appear that the evidence presented docs not 


26 Fonio \ Mitt a d Greiizgeb d ilcd u Clnr. 1914 nxmii 31 j 
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establish with any certainty that this functional defect of hemophilic 
platelets may not be due to a diminution in their prothrombin content 
For, as is well known, the solution of platelets when blood is shed 
facilitates clotting m two ways first, by setting free prothrombin, 
and second, by liberating a thiomboplastic substance which hastens 
coagulation by neutralizing the antithrombm present normally m the 
ciiculatmg blood 

Furthermore, in the solution of this paradox the possibility must 
be kept in mind that other factors besides the blood platelets may be 
concerned with the origin of prothrombin For instance, it has been 
shown that although a considerable diminution in prothrombin may 
result from the destruction of myeloid tissue following benzol injec- 
tions, no direct parallelism exists between this diop m prothrombin, 
the number of platelets, and the extent of bone marrow injury 
These experimental observations support the view that the maintenance 
of the prothrombin equilibrium of the blood depends only m part 
on the blood platelets At the present time it is not possible to state 
what tissue or tissues besides the marrow may be concerned m the 
elaboration of prothrombin Thus far experiments have given no 
support for or against the contention of Nolf® that liver cell activity 
is essential for prothrombin production 

THE EFFECT OF KEPHALIN AND OF THE ROENTGEN RAYS 
ON THE BLOOD IN HEMOPHILIA 

Studies concerning the proximate cause of the delayed coagula- 
bility of hemophilic blood naturally suggest the idea that it might be 
possible to devise some means of supplying to the patient the element 
in which his blood is deficient A rational therapy of this kind might 
be approached theoretically in one of three ways first, by a readjustment 
of the prothrombm-antithrombm balance to a more normal state by the 
introduction of thrombin or its antecedent substance, prothrombin, 
directly into the circulation, second, by stimulating the tissues con- 
cerned with prothrombin elaboration to form more of this deficient 
factor, and lastly, by a neutralization of the relative excess of anti- 
thrombin by the injection of tissue extracts Some attempts have 
already been made to modify the coagulability of the blood of healthy 
animals by means of some of these methods Experiments of this 
nature have developed the very interesting fact that in health the 
blood or the body can protect itself within wide limits from the effects 
tof such injections For instance, Davis,=‘= working in Howell’s labora- 
tory, has shown that solutions of pure thrombin may be introduced 


27 Hurwitz, S H, and Drinker, C K Jour ExpeV Med 1915 xxi 401 

28 DaMS, D Am Jour Plnsiol, 1911-1912, xxix, 160 ’ ’ ’ 
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into the circulation in quantities that in the test tube \\ould cause 
rapid and firm clotting and yet no harm be done It is apparent, there- 
fore, that a healthy animal can protect itself from the effects of sub- 
stances which would endanger its life by the formation of intravasculai 
clots The nature of this defensive reaction consists, it is thought, 
in the formation within the organism of a compensatory amount of 
antithrombin to bind either the injected thrombin or to neutralize the 
tissue extracts introduced into the circulation But we do not know 
with any certainty whether or not the same response can occur in 
pathological states in which the balance is already disturbed in the 
direction of an increased or decreased coagulability Indeed, only few 
attempts have been made to modify by these means the blood in dis- 
eased conditions associated with a defect in the fibrin factors 
Because of the meagerness of data on this point, it seemed worth while 
to study this phase of the subject on some of the patients under 
observation 

On the basis of some experiments which will be recorded in another 
paper, we studied the influence produced by the injections of kephalin 
and the effect of Roentgen irradiation on the blood in hemophilia 
With regard to kephalin, preliminary experiments on healthy rabbits 
had shown that this substance could be introduced into the circulation 
either intramuscularly or intravenously without any untoward symp- 
toms, and that the immediate effect of intravenous injections was an 
increase in the coagulability of the blood This increased coagulability 
was only transitory, however, and was followed soon by a return of the 
blood to a normal state, or in a few ihstances by a decreased coagula- 
bility The exposure of animals to suberythema doses of Roentgen 
rays, on the contrary, produced no perceptible increase in coagulability, 
although an examination of the blood for the separate factors dis- 
closed a transitory rise in the circulating prothrombin The temporary 
character of this reaction and its failure to decrease the coagulation 
time can be explained in the light of the defensive power of the 
organism considered in a previous paragraph And although these 
experiments showed that the effect of the administration of kephalin 
and of exposure to the Roentgen rays produced onl}’^ teipporary changes 
111 the condition of the blood, the possibility still remained that these 
agents might act differently m conditions like hemophilia Accord- 
ingly ve decided to try the effects of one or both of these measures on 
three of the patients 

In the first patient obsenations vere made on the effect of kephalin 
therapy alone , v hcreas, both the second and third patients were treated 
with kephalin and with the Roentgen rajs Concerning the dosage of 
kephalin the prehminarj experimental work had assured us that a 
con<;iderablc amount of this substance could be administered intra- 
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venously without any untoward symptoms In some animals as much 
as 10 c c of a 1 per cent solution were introduced into the ear vein 
without ill effects Although some workers-'’ have investigated the 
coagulation accelerating effect of intravenous injections of saline 
extracts in hemophilia, we did not feel that such injections weie 
entirely devoid of danger, and we have, therefore, no data to present 
on this point It will be noted from the clinical records that only 
the oral, subcutaneous and intramuscular modes of giving kephalin 
were used The first method was early abandoned because it proved 
ineffective, and subcutaneous injections were discarded because they 
weie painful Intramuscular injections, on the other hand, weie not 
followed by any local or constitutional reaction, and these vere used 
exclusively in the second and third patients 

In the choice of the proper dosage for the Roentgen- ray exposure, 
we were guided largely by following the formed elements in the 
blood As IS well known from the ivork of recent observeis,®” small 
and large doses of Roentgen rays have antagonistic effects on the 
blood-forming organs , the former exert a stimulating action and the 
latter a destructive action For our purposes, it was determined that 
one-twentieth of an erythema dose applied to the long bones at the 
stated intervals produced the desired stimulation of the blood-forming 
organs as evidenced by the rise m leukocytes In one of the patients 
(Case 3), a drop m the platelet count and a prolongation of the bleed- 
ing time after the eighth exposure showed that the rays were beginning 
to act destructively, and this served as an indication for stopping the 
treatment 

The results of both of these foims of theiapy have been pre- 
sented for the most part in the clinical histones and in the tabulated 
lesults Only a few points deserve further consideration In order 
to avoid criticism, it is desirable in the first place that judgment 
regal ding the results of any therapeutic measure used to control hemoi- 
rhage be guided by some criteiia Apait from all other considera- 
tions, it seems fair to assume that a therapeutic measure is successful 
only if it causes a cessation of the bleeding, and so affects the disease 
piocess itself that the coagulability of the blood is increased On the 
basis of such criteria, it is not possible to make any great claims foi 
Roentgen-ray therapy and for kephalin injections in the constitutional 
tieatment of hemophilia Conceining Roentgen-ray treatment, it is 
safe to conclude that small stimulating doses do not altei m any way 
the condition of the blood in hemophilia It is not possible to say at 

29 Schlocssmann, H Beitr r khn Chir 1912 Iwix 492 

30 Heineckc A Deutscli Ztsdir f Clnr , 1905 Ixwni 196 Duke W 
\ aiiation in the Platelet Count, Its Cause and Clinical Significance Tour Am 
Xitel Assn, 191o, K\ 1600 
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present whether these negative results in hemophilia, in contrast with 
those obtained in healthy animals, are due to a lack of response on the 
part of the blood-forming organs or whether more prolonged and more 
intensive treatment is necessary to effect any changes 

Furthermore, the especial therapeutic use of kephahn has not been 
found to he in its influence on the disease process, for we have not 
been able to show that this substance administered intramuscularly in 
the dosage employed by us effects any noticeable change either in the 
coagulability of the blood or in the prothrombin-antithrombm bal- 
ance Only once did the opportunity arise to determine the value 
of intramuscular injections in the control of external bleeding (Case 2) 
But in this instance, it will be recalled, the injections were combined 
with the application of kephahn to the wound surface Because simi- 
lar injections in other patients had failed of effect, we are inclined to 
attribute the early arrest of bleeding in this case to the local action of 
the kephahn Of its great hemostatic properties we have become con- 
vinced from observations on its coagulation accelerating action on whole 
blood in the test tube as well as when applied locally to bleeding sur- 
faces And although similar properties have been claimed for other 
tissue extracts, we believe that its thermostability gives kephahn a 
decided advantage over saline or aqueous extracts in that it can be 
sterilized without weakening its action It is to be hoped, therefore 
that kephahn will prove of real value in the treatment of uncon- 
trollable hemorrhages from external wounds so frequently met with 
111 hemorrhagic conditions 

SUMMARY 

1 No alteration has been observed in the reaction of hemophilic 
blood In all of the patients studied, the hydrogen-ion concentration of 
the serum showed the normal variation 

2 No abnormality exists in the third phase of coagulation clot 
formation is slow, but the clot, when once formed, shows normal retrac- 
tile power 

3 The percentages of serum albumin, serum globulin, and total 
protein of hemophilic serum do not show wide variations from the 
normal 

4 The essential defect of hemophilic blood, which accounts for its 
delayed coagulability, is a diminution of the circulating prothrombin 
The other two fibrin factors, antithrombin and fibrinogen, are pres- 
ent in normal amounts Wide fluctuations ma> be observed in the pro- 

31 How cll has called attention to this propertj of saline or aqueous extracts 
He has shown that heating such solutions precipitates the protein, together 
with the nctne phosphatid But if the phosphatid is first extracted with ether, 
the residue ma\ be dissohed in water and the solution is unaffected by boiling 
( \m Jour Plnsiol 1912-1913, xxm, 1) 
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thrombin content of hemophilic plasma both during the hemorrhagic 
and interhemorrhagic periods No definite relationship can be shown 
to exist between the extent of the prothrombin deficiency and the 
gravity of the clinical symptoms 

5 The method suggested by Howell of first oxalating the blood 
and then recalcifying with an optimum amount of calcium gives a sim- 
ple and reliable means of diagnosing hemophilia and of differentiating 
it from other hemorrhagic conditions It is to be recommended that 
this test be carried out preliminary to any operation on a patient 
exhibiting the hemophilic tendency 

6 Oral, subcutaneous and intramuscular injections of kephalin have 
no effect on the disease process 

7 Kephalin applied locally to the bleeding wounds of hemophilics 
brings hemorrhage to an early arrest Because of its great hemostatic 
properties and its thermostability kephalin deserves an important place 
in the treatment of bleeding from external wounds 

8 Suberythema doses of Roentgen rays do not influence the disease 
process no alteration was noted either in the coagulability of the blood 
or m the prothrombm-antithrombm balance 

Second and Parnassus Avenues — University Hospital 
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THE SIGNIFICANCE OF THE URIC ACID, UREA AND 
CREATININ OF THE BLOOD IN NEPHRITIS^ 

VICTOR C MYERS, PhD, and MORRIS S FINE, PhD 
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WALTER G LOUGH, MD 

NEW YORK 

111 an earlier communieatioip attention was called to the practical 
value of the estimation of the creatinin of the blood in nephritis It 
was pointed out that an appreciable retention of creatinin indicated 
a grave impairment in the functional condition of the kidney, for the 
leason that creatinin is normally the most readily eliminated of the 
three nitrogenous waste products — uric acid, urea and creatinin In 
contrast to creatinin, ho-wever, uric acid is apparently eliminated b} 
the kidne}'' wnth difficulty It is, therefore, not surprising that condi- 
tions of moderately decreased kidne}' permeability should he encoun- 
tered, in which only the concentration of the uric acid of the blood 
should be raised This appears to be the case in gout and early inter- 
stitial nephritis In the present paper it is our intention to lay empha- 
sis on those cases in which the permeability of the kidney is not 
sufficiently impaired to cause a marked retention of creatinin 

The deductions wdiich Sir A B Garrod^ drew from his work in 
this connection in 1848 are very interesting, and their general harmony 
with current views surprising when one considers the methods then 
available His conclusions (referring to Bright’s disease and the 
albuminuria following scarlatina) "were 

1 Unc acid is ahva 3 s present in the blood in albuminuria The quantiU, 
hoi\c\er, greath varies when the functions of the kidncjs are much impaired 
It exists in quantities almost as great as in gout, in other cases, its amount is 
small, but it usually exceeds that found in ordinarj' blood 2 Urea ahvajs 
exists in large quantities in this blood (a fact which has long since been 
pro\cd) and no relation is found between the amounts of urea and uric acid 
3 Tlie kidnc} s arc alw a 3 ’s deficient in their pow'er of throw ing off urea , but 
with regard to uric acid, their excreting function iTia\ be impaired or not 


■'Submitted for publication Eel) 11, 1916 

*Froni the Laboratori of Pathological Chemistri' and the Jlcdical SerN ice 
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1 Maers V C and Lough V G The Creatinin of the Blood in Ncpliriti- 

Its Diagnostic Value The Xrohu'es Ixt Mfd, 1915, xm, 536 

2 Garrod, \ B Obseraations on Certain Pathological Conditions ot the 
Blood and Urine in Gout, Rheumatism and Bright’s Disease ^fedical-Chirurgi- 
cal Trans , 1848, xxxi 83 
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Gai rod's paper apparently aroused consideiable discussion, foi 
he appended the following 

Postscript Julj'- 26, 1848 At the discussion which ensued after the reading 
of the abo^e papet to the societj, some remarks were made which implied that 
I was understood as considering gout to be entirely dependent upon the power 
of the kidney for the excretion of uric acid , such, how'C\ cr, is not mj opinion, 
and at present I do not wish to ad\ance ain h 3 pothesis as to the cause and 
nature of gout, considering that main further researches should he made on the 
subject before a theorj of the disease could be advanced with safety 

The investigation of von Jaksch^ in 1896 ga\e confiimation to the 
ohser\ations of Garrod on the letention of uiic acid in nephritis 

A'on NoordeiT gnes a most interesting discussion on the line 
acid content of the hlood in gout and nephritis He writes 

The primarj* cause of the uric acid retention in gout lies in the kidney, 
according to Garrod Reccntlj^ Le\ ison and Luff, and, w ith certain reseri a- 
tions, also Strauss, ha^e advocated the same Mew Levison and Luff showed, 
in a very large series of postmortems in Denmark and in England, that in cases 
of interstitial nephritis, uric acid deposits in the articular cartilages are very 
frequently found, although the condition was not suspected during life Strip- 
ped of all unnecessary detail, this means that the retention of uric acid in the 
blood and the remaining phenomena of gout are the results of pi unary disease 
of the kidney In certain cases both nephritis and gout are amenable to clinical 
diagnosis In other cases, nephritis, and in still others the uric acid diathesis, 
remain for a long time, perhaps even up to the end of life, clinically fi cc from 
s\mptoms and unrecognized 

The figures of Levison and Luff show, in the first place, that nephritis and 
gout occur in the same individual more frequently than was formeily assumed 
They recall to us the facts that harmful influences, espcciallj'' alcoholism and 
saturnism, and also hcreditj', play an acknowdedged part m the etiology of both 
diseases 

It appears that continuous overloading of the blood with uric acid 
(nephritis) does not necessarily lead to gout, and, moreover, that this over- 
loading is not follow'ed by uric acid deposition without the accession of another 
still unknown, specific gouty factor 

No noteworthy advance in this connection, howevei, was made until 
the advent of Folin’s new method The wmrk of Fohn and Denis, 
and others employing their methods, has been principally to confirm the 
views advanced by Garrod nearly seventy yeais ago, although with the 
quantitative data now available more definite conclusions have been 
possible Fohn and Denis and the authois^ have repoited cases of 
uremia with marked retention of uric acid, urea and creatinin Tw^elve 
cases have come under our observation with moie than 10 mg of uric 

3 Von Jaksch, R Beitrag zur Kenntnis der Uncacidamie dcr Nephntiker 
Zentralbl f inn Med , 1896, xvii, 545 

4 Von Noorden, C Metabolism and Practical Medicine, 1907, in, 669 

5 Fohn, O, and Denis, W Jour Biol Chem . 1913, xiii, 469 

6 Fohn and Denis Jour Biol Chem, 1913, xiv, 29, 1914, xvii, 487 

7 Myers, V C, and Fine, M S Jour Biol Chem, 1915, xx, 391 
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acid per 100 c c of blood, in one case 27 mg , still no gouty symptoms 
■\\ere evident It is of interest regarding the uric acid that early in 
the disease the values observed may be somewhat higher (7 to 8 mg ) 
than at a later stage (5 to 6 mg), although during the last days of 
life the amount may very markedl} increase, this being coincident 
with an accumulation of creatin in the blood 

Fohn and Denis® noted that in the severest cases of uremia there 
was only a slight increase m the blood ammonia, and that it was like- 
wise only these cases in wdiich a marked retention of creatinm occurred 
From this they conclude 

Ihe figures obtained indicate that the human kidne}' removes the creatinm 
from the blood with remarkable ease and certainty The completeness of the 
creatinm excretion is, in fact, exceeded onl} by the still more complete removal 
of the ammonium salts 

It IS possible that other factors, such as acidosis and the formation 
of urea, may have some relation to the increase in the ammonia of 
the blood, but the increased blood creatinm is obviousl}'^ due to one 
cause, namely, the markedly impaired permeability of the kidne)^s 
Since creatinm is the most readily eliminated of the nitrogenous waste 
products (creatinm, urea and uric acid) and uric acid the most diffi- 
cultly eliminated, as indicated aboA e, urea must obviously stand in an 
intermediate position (see Table 3) That this should be the case 
seems quite plausible ivlien ive consider the ease of excretion of these 
constituents as determined from a comparative nitrogen partition of 
normal urine and blood Uric acid nitrogen forms 2 per cent of the 
nonprotein nitiogen of both urine and blood, urea nitrogen about 85 per 
cent m urine, but 50 per cent in blood, and creatinm nitrogen 5 per 
cent in urine, but only 2 per cent m blood It is quite possible that 
the ph}sical properties and concentration of these constituents in the 
blood may play an important role in the ease ivith which the kidne} 
eliminates them 

It has been possible to select from a large senes of miscellaneous 
blood analyses a considerable number of cases ivith decidedly high 
figures for uric acid, but ivith onl} slightly increased urea concentra- 
tions and w ith creatinm figures scarcel} above the normal limits As 
was pointed out m a previous communication,^ a creatinm of oier 
5 mg per 100 c c of blood appears to indicate an early fatal termina- 
tion It was the object of the present study to secure cases of the 
same t}pc, but at an earlier stage in the disease, when changes in diet 
and mode of Ining might be of some aid in wuthholding for a time 
the uremia, from which most of these patients ultimateh die 


S Folm ^nd Dents Jour Biol Clicm 1914, xmi, 4S7 
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METHODS ]:mplo\ld 

Before pioceedmg to a discussion of oui data on this subject, it is 
fitting that a biief description should be given of the methods we ha\c 
employed foi the estimation of uiic acid, uiea and creatinin m blood 
Fohn has recently laised certain objections to his ovn technic^' foi the 
estimation of uric acid m blood We have embodied the suggestions 
of Benedict® in our application of the method, and aic confident of 
the reliability of the results The Duboscq colorimetei has geneiall} 
been employed for the estimation of the uric acid and cieatmm, 
although in the case of uiea, the Hclligc instrument has fiequentlv 
been used For the estimation about 20 c c of oxalated blood are 
needed To avoid complications fiom the influence of food and pos- 
sible changes m blood volume, the blood has generally been taken in 
the morning befoie bieakfasl 

Uuc And — Ten cubic centimeters of the well-mixed blood are pipetted into 
a casserole of about 375 c c capacitj and approximately 5 volumes of liundredtli- 
normal acetic acid added The mixture is heated over a water bath and finally 
brought to a boil over a free flame, stirring contimioush About 4 c c of fairly 
thick alumina cream’^ are added vith continuous stirring for a few minutes 
The sides of the dish are washed down from time to time with hot w'ater and 
the mixture then filtered through a hardened filter paper The coagulum is 
returned to the casserole wuth about 150 cc of hot water, heated and filtered 
through the same paper The combined filtrates arc evaporated to 1 oi 2 c c 
(the material should be protein-frec) and transferred to a 15 c c conical cen- 
trifuge tube, w'asliing the casserole w’lth 2 or 3 small portions of hot w’atcr but 
keeping the volume at or below' 10 c c 

About IS drops of ammoniacal-silver-magnesium mixture’' are now added, 
the tube shaken and placed m a cool place (refrigerator) for about 15 minutes 
to allow for the precipitation of the purins The tube is centiifuged, the super- 
natant liquid decanted off and allow'ed to rest in iinerted position for about 
five minutes The tip of the tube is then wiped w'lth filter paper and the 
ammonia allowed to volatilize (may be facilitated with suction) 

For the development of the coloi prepare a 100 c c graduated cylinder for 
the standard and a 50 c c cylinder for the unknowm Five c c of the uric acid 
standard’’’ (5 c c =1 mg of uric acid) are pipetted into the 100 c c cylinder 


9 Folin, O and Bell, R D Proc Am Soc Biol Chem , 1915 

10 Benedict, S R Jour Biol Chem , 1915, xx, 629 

11 Prepared by precipitating an 8 per cent solution of aluminum acetate m 
acetic acid with sodium bicarbonate, carefully washing with a laige volume of 
distilled water by decantation several times, then filtering 

12 The ammoniacal-silver-magnesium solution is prepared by mixing 70 c c 
of 3 per cent silver nitrate solution, 30 c c of magnesia mixture and 100 c c 
concentrated ammonia Any turbidity which may develop is filtered off Mag- 
nesia mixture is prepared by dissolving 35 gm magnesium sulphate and 70 gm 
ammonium chlorid in 280 c c distilled water and then adding 140 c c concen- 
trated ammonium hydroxid 

13 The standard uric acid solution is prepaied as follow's Dissolve 9 gm 
pure crystallm hydrogen disodium phosphate and 1 gm dihydrogen sodium phos- 
phate in 200 to 300 cc hot water Filter and make up to about 500 cc with 
hot water Pour this warm, clear solution on 200 mg uric acid suspended in a 
few cubic centimeters of water in a liter volumetric flask Agitate until com- 
pletely dissolved Add at once exactly 1 4 c c glacial acetic acid Make up to 
1 liter, mix and add See chloroform Five cubic centimeters of this solu- 
tion are equivalent to 1 mg uric acid The solution should be freshly prepai ed 
every two months 
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To the standard are added 2 drops of 5 per cent potassium cyanid,* 2 c c of 
Folm-Macallum regent,” 20 c c of saturated (22 per cent ) sodium carbonate, 
and, in about one minute, water to the 100 cc mark To the precipitate in 
the centrifuge tube are added 1 or 2 drops of the potassium cyanid, 2 c c of the 
Folm-Macallum reagent and IS or 20 c c of the saturated sodium carbonate, 
depending on whether the color is subsequently diluted to SO or 100 c c After 
forty to sixty seconds dilute with water until the intensity of the color is similar 
to the standard and then match in the Duboscq colorimeter The prism of the 
standard may conveniently be set at the 10 mm mark 

Urea — ^The method is based on the suggestions of Marshall’” and Van 
Slyke“ Into a test tube (of such size that it will just slip into a 100 c c 
cylinder) are introduced 1 c c of 10 per cent urease solution, or about 0 1 gm 
of the dry enzyme,” and then 1 to 2 c c of water Two cubic centimeters of 
blood are now added with an Oswald-Folin pipet and the tube incubated in a 
beaker of water at SO C for about one-half hour At the end of this time 3 to 
4 drops of caprylic alcohol or 1 c c of amyl alcohol are added to prevent foam- 
ing in subsequent aeration Into a 100 c c graduated cylinder, without lip, 
are added IS c c of distilled water and 2 drops of 10 per cent hydrochloric 
acid This is now closed with a two-hole stopper having a glass tube passing 
nearly to the bottom of the graduate The tube is sealed at the lower end, 
but contains a number of small holes to aid in the complete absorption of the 
ammonia (Fohn) To the test tube containing the digested blood is carefully 
added an equal volume of saturated sodium carbonate, or better still, potassium 
carbonate, the solution being allowed to run underneath the blood The tube 
IS now immediately inserted in a 100 c c (ungraduated) cylinder and a two-hole 
stopper IS used containing one glass tube which passes nearly to the bottom of 
the tube This is now connected on one side with a wash bottle containing 
dilute sulphuric acid and on the othei with the graduated cylinder containing 
the dilute acid for the absorption of the ammonia The ammonia of the blood is 
now transferred to the cylinder containing the weak acid, by vigorous aeration 
for twenty to thirty minutes At the end of this time the outfit is disconnected 
and nesslenzation (Folin) carried out in the graduated cylinder, dilution being 
made according to the amount of ammonia present 

Into a volumetric flask of 100 c c capacity, if the Duboscq colorimeter is to 
be used, are pipetted 5 c c of ammonium sulphate or ammonium chlorid solu- 
tion containing 1 mg of nitrogen ” About 50 to 60 c c of distilled water are 
next added Ten cubic centimeters of modified Nessler’s solution” are now 
diluted about five times with distilled water, and of this 20 to 25 c c added to 
the standard solution, which is then made up to the mark with water At the 

14 The reagent, as modified by Prof S R Benedict (private communication), 

IS prepared by boiling 100 gm sodium tungstate, 20 c c concentrated hydro- 
chloric acid and 30 c c 85 per cent phosphoric acid in 750 c c distilled water 
for two hours, preferably under a reflex condenser, and then making up to 
1,000 c c with water 

15 Marshal, E K Jour Biol Chem , 1913, xv, 487 

16 Van Slyke, D D , and Cullen, G E Jour Biol Chem , 1914, xix, 211 

17 Prepared by Dr I F Harris, Bronxville, NY 

18 The solution may be prepared by dissolving 0 944 gm ammonium sulphate 
or 0 764 gm ammonium chlorid of the highest purity in distilled water and 

making up to 1,000 c c j j a 

19 For the modified Nessler’s solution, place 100 gm mercuric lodid ana 
50 gm potassium lodid, both finely powdered, in a liter volumetric flask an 
add about 400 cc water Now dissolve 200 gm potassium hydroxid in about 
500 c c water, cool thoroughly and add with constant shaking to the mixture 
in the flask, then make up with water to the liter mark This usually becomes 
perfectly clear Keep at body temperature over night, or until the yellowisn 
white precipitate which may settle out is thoroughly dissolved and only a 
small amount of dark brownish red precipitate remains The solution is now 
ready to be siphoned off and used 
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same time 7 to 8 c c of the freshlj' diluted Nessler’s solution are added to the 
unknown solution and the volume made up to 25 c c in the graduate, unless 
a high content of urea nitrogen is indicated, in which case more Nessler’s solu- 
tion (up to 25 c c ) and a dilution to 33%, 50, 100 c c or even more may be 
needed to make the color of the unknown of approximately the same intensity 
as the standard The colorimetric readings should be made without delay, the 
standard prism being set at the 10 or 15 mm mark 

Creattmn — The technie for the creatinm estimation is briefly* as follows 
5 cc of the well-mixed blood are treated with 20 c c of Avater (4 volumes) 
in a 50 c c centrifuge tube After the corpuscles have been laked, about 1 gm 
of dry picric acid is added, and the mixture stirred at intervals with a glass 
rod until it is a light yellow WOien the protein precipitation is complete, the 
tube IS centrifuged and the supernatant fluid filtered through a small filter 
paper To 10 c c of the filtrate is added 0 5 c c of 10 per cent sodium hydroxid, 
and a similar amount of alkali added to 10 c c of standard creatinm in 
saturated picric acid It is best to make up simultaneously three standards 
containing 0 3, 0 5 and 1 0 mg creatinm to 100 c c of picric acid The tube 
corresponding most nearly with the unknown is used as standard, the prism of 
the Duboscq colorimeter being set at either the 10 or 15 mm mark Allow ten 
minutes for the color to develop before comparing 

DISCUSSION 

Although considerable attention has recently been given to the 
urea and nonprotein nitrogen of the blood in nephritis, scant considera- 
tion has been accorded the uric acid and creatinm It is true that the 
greater part of the waste nitrogen is eliminated in the form of urea, 
but it does not necessarily follow from this that data on uric acid 
and creatinm are unimportant and uninteresting In fact, Fohn’s®’^ 
classic work of ten years ago on the urine, by way of comparison, 
would suggest that the reverse might be true Outside of Fohn’s 
laboratory and our own, practically no work has been reported m 
which estimations of the uric acid, urea and creatinm have been simul- 
taneously carried out on pathological bloods We do not believe that 
it IS possible to make satisfactory deductions regarding nitrogen reten- 
tion from the urea or nonprotem nitrogen determinations alone, as 
many have recently done 

In the most recent paper of Folm and Denis^^ dealing with blood 
uric acid, these authors point out the importance, from a diagnostic 
standpoint, of having the uric acid estimation accompanied by that of 
nonprotem or urea nitrogen Their data give figures for nonprotem 
nitrogen and uric acid It seems unfortunate to us that they did not 
include figures for urea and creatinm The determination of the 
urea concentiation of the blood is, we believe, of more value than that 
of the nonprotem nitrogen, for the reason that it represents the reten- 

20 Creatinm may now readily be prepared perfectly pure by the admirable 
method of Benedict, Jour Biol Chem , 1914, xxiii, 183 

21 Folin, O Am Jour Physiol , 1905, xiii, 45 

22 Folin, O, and Denis, W The Diagnostic Value of Unc Acid Deter- 
minations in Blood, The Archives Int Med, 1915, xvi, 33 


TABLE 1 — Blood Analyses in “Early Interstitial Nephritis 
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tion of a definite compound, and, further, is more easily and more 
accurately determined Where possible, however, both determinations 
are desirable Fohn and Denis divide their cases into the four mathe- 
matically possible groups, namely, cases with the uric acid and non- 
protein nitrogen of the blood, both noimal, cases with normal uric acid 
and high nonprotein nitrogen, cases with high uric acid and normal 
nonprotein nitrogen (gout) , and cases with high figures for both uric 
acid and nonprotein nitrogen (nephritis) The classification they have 
employed is obviously valuable, although we believe the “staircase 
effect” of the retention of unc acid, urea and creatinin, brought out in 
our Table 3 is even more valuable, particularly as regards the so-called 
uric acid bloods In agreement with Fohn and Denis, we have like- 
wise observed cases with moderately high figures for nonprotein and 
urea nitrogen but with normal figures for uric acid These cases 
belong to quite a different group (some of them are cases of paren- 
chymatous nephritis), and will not be discussed at present 

It will be evident from the present paper that there are many 
cases which have only a slight or moderate retention of urea, but in 
which there is a very marked retention of uric acid (Table 3, Groups I 
and II) We might refer to other cases in which there was present, 
in addition, a marked retention of urea, but in which the creatinin 
retention was comparatively slight (Table 3, Group III) In the cases 
of the latter group the prognosis from the urea alone would have been 
far different from that made in the light of the blood creatinin Still 
other cases might be mentioned n^ which a greater retention of creatinin 
was present and proved the more valuable diagnostic sign ^ The deter- 
mination of uric acid, urea and creatinin obviously gives a survey of the 
character of nitrogenous retention that would not be possible from the 
urea alone Other tests may, of course, prove of value Thus, in many 
cases of severe nephritis, the acidosis may be a factor of greater 
moment than the nitrogen retention, as we have recently observed 
with the aid of Van Slyke’s apparatus for determining the carbon 
dioxid combining power of the blood 

It may be well at this point to recall that the normal range of these 
nonprotem nitrogenous blood constituents is, for uric acid, 2 to 3 mg , 
for urea nitrogen, 12 to 15 mg, and for creatinin, 1 to 2 5 mg per 
100 c c of blood An inspection of Tables 1 and 2 shows unc acid 
figures between 5 and 10 mg In most instances the figures for urea 
nitrogen are likewise increased, the majority of observations being 
between 20 and 30 mg per 100 c c of blood The urea retention is, 
however, nothing like that encountered in more advanced cases of 
interstitial nephritis, as shown in Table 3 The figures for creatinin, on 
the other hand, are nearly all very close to, or only slightly above, the 
normal limits 
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The data of Table 1 give the results of a series of twenty-six 
cases-^ in which the concentration of the blood uric acid is decidedly 
increased without a corresponding increase in the urea or creatinm 
Some of these cases show symptoms which, in general, are chaiacter- 
istic of “early interstitial nephritis ” In other cases, although the 
nephritis was not the predominant clinical condition, it would appear 
that the systemic distuibances resulting fiom, or associated with, a 
variety of conditions, such as tuberculosis, typhoid fever, pneumonia. 


TABLE 2 — Evidence or “Interstitial Nephritis” in Folk Cases or Diabetes 
(Three Fatal) as Shown by the Examination or the Blood"* 
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Case 1 

1 

1 

1 

1 

i 

Age 1 

Sev 

Sugar 

of 

Blood, 

Per 

Cent 

1 

1 

' Sugar 
of 

Urine, 
Per ] 
1 Cent j 

1 

Uric Acid, 

1 Mg per 
' 100 cc 
of 

Blood 

[ 

Urea N, 
Mg per 
' 100 cc 
of 

Blood 

Creatinin, 

I Mg per 
> 100 c c 
of 

Blood 

CDs* 
Com 
bining 
Power of 
Plasma, 
cc per 
100 c c 

10/29 I 


1 


080 

1 

2 2 ' 

1 

10 5 

55 

21 

37 

\ 

L Pi 

52 

9 


\ 





10/30 J 




110 

1 05 




81 

4/10 




0 37 

1 7 

60 

18 

20 



JI W = 

53 

d 







4/17 



i 

0 08 

1 6 

1 

1 




2/ 4 

M S3 

38 

9 
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46 


0 42 

36 
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* Corrected ■values 

1 Duration of disease, several years, no coma until daj of death, October 30, small 
amount of albumin in urine of October 20, 2 7 per cent of sugar, only faint trace of 
acetone in urine 

2 Gangrene of toes at times during the last live years, glucosuria very severe early in 
the disease but later improved, sjstolie blood pressure 150 to 1G5 mm , phthalein output 
44 per cent , moderate amoimt of albumin in urine of April 10, at death (April 18) urine 
showed only small amount of acetone, uremic symptoms thirty hours before death and about 
six hours previous to last blood analysis 

3 Shortness of breath, vomiting, increased frequency of urination, cloudy urine, history 
of scarlet lever, blood pressure 125 to 85, urine showed from faint trace to small amount 
of albumin, sugar, 10 to 15 per cent , trace of acetone, no casts found, phthalein output 
13 per cent 

4 Patient entered hospital in coma and died several hours later, urine contained very 
large amounts of albumin, acetone and diacetic acid, and many granular casts 


carcinoma, cardiac disorders, chronic alcoholism, etc , exerted the 
same influence on the kidney It is not improbable that similar factors 
are at work in gout and the apparently uncomplicated cases of inter- 
stitial nephritis 

The data recorded in Table 2 are likewise of interest in this connec- 
tion, since they clearly demonstrate a similar state of affairs in four 


23 For the opportunity of studying the majority of these cases we are 
under obligations to the director of the Medical Department, Dr Edward 
Quintard We are also indebted to Drs Samuel Lloyd, J Bentley Squier, 
Arthur F Chace and Robert H Halsey for a number of interesting cases 
which they have brought to our attention 







TABLE 3 — Uric Acid, Urea N and Creatinin of Blood in Gout and V \ rious Stages of Nephritis 
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advanced cases of diabetes In the first case it will be noted that the 
tine acid reached 10 5 mg and the urea 55 mg per 100 c c of blood, 
although the creatinin figure was quite normal 

The results collected m Table 3 summarize observations illustrative 
of those on which our views on this subject have been based Typical 
cases of gout show, as a rule, blood uric acid values from two to five 
times the normal (Group I) The amounts of urea and creatinin are 
normal, or m the case of urea only slightly above normal Many early 
cases of nephritis, probably of the interstitial type, give blood pictures 
which differ little from those of gout-® (Group II) The uric acid 
findings arc quite as high and the urea content varies from onl)^ slightly 
above to more than double the normal amount The creatinin is only 
slightly increased As the condition of the cases of this type becomes 
more severe, the retention of urea increases, until we have high 
values for urea as well as for uric acid (Group III) If improvement 
takes place, the concentration of urea gradually falls until the picture 
IS that of the preceding group If, on the other hand, the case goes on 
to a fatal termination, the retention of uric acid and urea is followed 
b}^ that of creatinin, the concentration of which may leach twenty 
times the normal (Group IV) 


SUMMARY 

A series of thirty cases are recorded with high values for the uric 
acid of the blood, but without a corresponding retention of urea and 
creatinin These cases were apparently suffering from “early inter- 
stitial nephritis,” probably secondary in many instances to other sys- 
temic disturbances Since the blood urea was not maikedl}'^ increased 
or the phthalein output markedly decreased (in certain cases), it is 
believed that the uric acid was of considerable value as an early diag- 
nostic test The possibility is further suggested that a retention of 
uric acid may be earlier evidence of renal impairment of an interstitial 
type than the classical tests of albuminuria and cyhnduria 

The blood pictures in early interstitial nephritis and gout are strik- 
ingly similar, particularly as regards the increase in uric acid In view 
of the other clinical signs in common, it would seem that this similarit}'’ 
must be more than accidental 

24 Some of these cases have already received attention m another connection 
(blood sugar) , Cf Myers, V C , and Bailey, C V Jour Biol Chem , 1916, 

^ 25’ The relation of uric acid to gout will be made the topic of a future 
communication from this laboratory by one of us (M S F ) and Ur C 
Bailey 



V C MYERS— M S FINE—W G LOUGH 


583 


From the data in Table 3 it is evident that as the permeability of 
the kidnc}'^ is lowered m the t)'pe of cases studied, it becomes apparent, 
first, b)’- a retention of uric acid, later by that of urea, and lastly, by 
creatmm, producing a “staircase eftect ” 



THE EFFECTS OF SUPRARENAL FEEDING 


R G HOSKINS, Pn D 

A.s<;ocmtc Professor of Physiology, Nortln% cstern University Medical School 

AND 

.AUGUSTA D HOSKINS, AM 

CUICAGO 

Wuhin recent years several careful studies have been made of the 
efiects of feeding different ductless gland substances So far as we are 
aware, however, the suprarenal has received little attention The 
mattei seemed w'orthy of inv^estigalion foi two leasons Suprarenal 
gland substance is still on trial in practical therapeutics Although 
manjf observers have been unable to detect m it significant therapeutic 
virtues, others claim more fortunate results Williams,^ for example, 
values it highly m the treatment of so-called neurasthenia, wdnch he 
maintains is frequently a form of adrenal deficiency In a case of 
impotency m the male, Belficld- has reported striking improvement 
follownng the use of desiccated suprarenal substance It seemed desir- 
able, therefoie, to see if any definite objective evidence could be 
obtained that suprarenal substance when given by mouth has any 
specific effect m the body 

As fuither basis for the reseaich there is on record some rather 
convincing evidence of a specific relationship between the suprarenal 
cortex and the sex glands This evndence has recentl)'^ been reviewed 
thoroughly by Glynn’’ More recently McAuhff^ has also briefly 
considered it 

That there is a relation between the adrenals and the sex glands w'as 
postulated by Meckel® as early as 1806 FIis conclusion was based 
on personal observations that in certain aborted fetuses both adrenals 
and gonads weie lacking, in animals such as the guinea-pig, in vvhich 
reproductive pioclivities are marked, the adrenals are relativ'^ely large, 
m many animals the gonads and adienals are closely associated in 
position, and in several cases of diseases of the genitalia adrenal degen- 

“ Submitted for publication Feb 17, 1916 

■^From the Laboratory of Physiology, Northwestern University Medical 

School ^ _ A ,r > 

1 Williams, T A The Syndrome of Adrenal Insufficiency, Jour Am Med 

Assn , 1914, 1x111, 2203 nr i 

2 Belfield, W T Some Causes of Sterility and Impotence in the Male, 

Ibid. 1912, lix, 1420 

3 Glynn Quart Jour Med, 1912, v, 157 , c i 

4 McAuhff, G R Hypertrichosis, Variations m Female Secondary bexuai 
Characteristics, and Internal Secretions, Jour Am Med Assn , 1916, Ixvi, 15 

5 Meckel Cited by Nagle, Note 6 
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eratioii occuried ISIeckers evidence has since been conlioveitcd by 
vaiious writers, notably by Nagle® in 1836, but the idea lias persisted 
Von Neugebauei" in 1908 was able to find in the literatuie thirteen 
cases in which heimaphioditism was associated with maiked hypei- 
tiophy of the adienals Bullock and Sequeira® collected repoits of 
twelve childien shouing sexual piecocity who at necropsy proved to 
have enlaigcd adienals Vaiious other instances of an association 
of sex anomalies uith adienal h}pertiophy are on record ^ The i elation 
of suprarenal deficiency to the repioductive function seems to have 
receued little attention One of us, howevei, has obseived a diminu- 
tion in the numbei of ofifspiing fiom female guinea-pigs deprned of 
one adrenal,® although the animals appeared to be perfectl} noimal 
otherwise 

1 he expei iments on which this paper is based were made on white 
lats The series comprises fort 3 '-eight expei imental and twenty-fi\e 
contiol animals White rats weie selected as subjects because of the 
ease with which they can be obtained and reared under laboratoiy 
conditions, and because the anatomical features of these animals have 
already been elaboiately studied It a\ as hoped that by duplicating the 
environmental conditions maintained by previous observeis we should 
be able to use their results as a basis of comparison and escape the 
necessity of woiking out separate controls for our own senes This 
plan, howevei, proved impracticable A pieliminary investigation 
showed that our normal animals vaiied widely from the established 
“standards ” 

3\ri:TiiOD or procedure 

The following pioccclures were employed The rats were bred m the labora- 
tory Of each litter one to three individuals weie selected as contiols and the 
others were put in the expei nnenlal senes They were weaned at the age of 
16 to 24 days, and one to three days latei the experimental feeding began 
All members of the litter received the same treatment throughout, except that the 
experimental animals received desiccated suprarenal gland (The commercial 
product of Parke, Davis & Co was used ) It was first necessary to determine 
the propel dosage The plan was to use as much as feasible It was found, 
however, that the lats at first could not safely be given moie than Vi grain 
This they received in the morning befoie being fed The mateiial was secured 
in 1 gram tablets These were soaked in water until dissolved, then mixed 
with bread and milk The members of each littei received their quota together 
The food was scattered so that each got its pioper share It was eaten eagerly 
As the animals grew older the size of the dose was increased, so that by the 
time the rat reached a weight of 100 gm it was receiving from 1 to 2 grains 
The material was administered once a day, six days a week The experimental 

6 Nagle Muller’s Arch, 1836, p 365 

7 Von Neugebaui Hermaphroditismus beim Menschen, Leipsic, 1908, p 688 

8 Bullock and Sequeira Trans Path Soc, London, 1905, Iv, 189 

9 Hoskins, R G Am Jour Med Sc, 1911, cxli, 374, 535 

10 Donaldson The Rat, Memoirs Wistar Inst No 6, Philadelphia, 1915 


J 
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period varied from two to ciglit weeks The feeding continued in each case up 
to the time of sacrificing the animal 

Since tlie animals were to be killed before the breeding age, the sexes were 
not segregated In case of none of the animals was copulation observed, nor 
did any pregnancy occur Thc> were fed cracked corn and bread and whole 
milk The corn was kept constantb before them and they received all the 
bread and milk they would cat once a day In some cases the control animals 
received enough dried blood to compensate for the protein of the suprarenal 
substance fed In other instances this was omitted In view of the fact that 
each rat was on full milk diet, the food %aliic of the small quantity of desiccated 
gland was deemed negligible 

At \arious ages from 5 to 12 weeks the animals were killed They were 
veighcd in the morning before receiving the bread and milk Then, having 
been chloroformed, each was bled to death from the aorta or heart The follow - 
lowung glands were at once removed and weighed Hypophysis, thyroid, 
thymus, heart, suprarenals, spleen, kidnejs and ovaries or testes (freed from 
epididymus) Each organ w'as carefully freed from adventitious tissues and 
rinsed in Ringer’s solution It w’as then dried on filter paper and quickly 
weighed on a delicate balance The hypophysis and o\aries were weighed to 
tenths of a milligram and the other organs to milligrams or centigrams, depend- 
ing on the si7e For details as to securing the different organs the reader is 
referred to Jackson's descriptions *' The smaller organs can best be isolated 
by dissecting them out freelj and transferring to a piece of smooth cork The 
organs arc rolled about the adscntitious tags of tissue winch adhere somc- 
w'hat to the cork can be trimmed off w'lth a sharp scalpel A dissecting micro- 
scope is needed at first, but with practice this can be dispensed with 

The data secured w'crc studied as follow^s The organ weights were first 
reduced to percentages of body weights These percentage weights w'ere then 
transferred to coordinate paper, using the percentage w^eights as ordinates and 
the body weights as abscissae A homogeneous distribution of the dots repre- 
senting experimental and control weights W'as interpreted as showing that the 
suprarenal feeding had had no significant effect on the grow'th of the gland in 
question This in turn w'as taken to indicate that no significant influence on 
the gland function had been exerted A segregation of dots, on the other hand, 
indicated a corresponding influence on the gland The thymus gland is sup- 
posed to vary according to age rather than to body weight We plotted the 
percentage w'eight of this organ, therefore, against both body weight and age 

RESULTS 

In case of most of the oigans, no consistent deviations from the 
normal could be detected The relatively small number of animals 
used as compared with the variability encountered would not permit 
the recognition of smaller deviations, even though these were charac- 
teristic Our negative results are therefore not conclusive As regards 
the pituitary, and, in case of the smaller animals, the ovaries, our 
method of weighing seemed inadequate Evaporation might easily have 
introduced significant errors The spleens of the experimental series 
aveiaged somewhat smaller than those of the controls, but the spleen 
is an unusually variable structure This result, therefore, is only sug- 
o-estive The ovaries of the sixteen experimental animals were larger 

II Jackson Am Jour Anat, 1913, xv, 1 
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than those of eight contiols, but these numbers are too small to mean 
much They justify further study, however 

In case of the testes, a rather consistent hypertrophy was observed 
The chart is reproduced m the accompanying figure The table includes 
the data on which the chart is based Even disregarding the extreme 
cases, which are of questionable significance, the average of the experi- 
mental animals is materially higher than that of the controls This sei les 
compiised twenty-six and thirteen animals, respectively 



Weight of testes of thirteen normal rats and twenty-six rats fed with desic- 
cated suprarenal gland Ordinates = gland weights expressed as percentages 
of body weight, abscissae = body weight 


The influence of the suprarenal feeding on body growth was also 
considered There was no difference that could be detected There 
IS much variability in growth, however, even within a given litter kept 
under identical conditions, and this would render the detection of slight 
differences impossible in a series of this magnitude 

The study is obviously incomplete It is regarded as merely a 
preliminary investigation It should be extended to include a larger 
number of individuals and different species Careful cytological study 
should be made of the testes to see whether the spermatogemc or the 
interstitial tissue is affected, or if both share in the hypertrophy Cor- 
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1 dated with this, an investigation should be made of the effects of 
supraienal feeding on the dc\elopment of the sex characteristics For 
such a study some animal, such as the chick, with well-marked sccon- 


Tabli' or WuGiiTS ExrRrssi o as Pi bo ntagcs oi Body Weight of Testes of 
Normal and Exfirimental White Rats \t Various Ages, 
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dary sex characteristics, might be more satisfactory than the rat As 
one phase of such a study the age at which breeding begins should be 
considered These points we hope to investigate later 
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The question arises To what constituent of the gland material is 
the testicular hypci trophy due^ In the clinical reports of supiarenal 
hypertrophy associated with sex anomalies the cortex of the gland 
mainly is affected The amount of medullaiy mateiial, namely, adrenin, 
m the small quantity of gland substance fed, was of course minute 
Moreover, absorption of adienm fiom the gastro-mtestmal tract occurs 
only to a slight extent before the matei lal is destroyed It is altogether 
likely, therefoie, that the hypertiophy obsened is to be ascribed to the 
cortex portion 

Possibly the lesults secured would justify further attention to the 
therapeutic possibilities of desiccated supraienal in cases of infantilism 
or sexual impotency Often moie than one of the endocrinous glands 
are involved, and m such cases no one gland substance could be expected 
to restore the balance In cases, honever, m which the fault lies 
primarily with the supiarenals, such medication might be effective 

SUMMARY AND CONCLUSIONS 

Forty-five vhite rats were fed desiccated suprarenal for varying 
periods from two to nine weeks T^enty-six animals from the same 
litters were kept as controls The rate of growth and the weights of 
various glands were deteriPined in each series No differences in the 
two series could be detected in kidneys, heart, hypophysis, thyroid, 
thymus or suprarenals The spleens of the experimental series were 
somewhat smaller than those of the controls, but highly variable The 
ovaries in the few cases studied were larger m the experimental series 
The testes (twenty-six experimental, thirteen control) showed hyper- 
trophy These results in conlirmation of clinical evidence indicate that 
the suprarenals exert a stimulating effect on the testes 

2431 South Dearborn Street 
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Pathogenic ]\Iicro-Org sms'ms (Including Bacteria and Protoroa ) A Prac- 
tical Manual for Students, Plnsicians and Health Officers B\ William H 
Park, M D , Professor of Bacteriology and Hygiene in the Unn crsity and 
Bellevue Hospital Medical College, and Director of the Bureau of Labora- 
tories of the Department of Health, Hen York Citj, and Anna W 
Willi VMS, MD, Assistant Director of the Bureau of Laboratories, New 
York City, Consulting Pathologist to the New York Infirmary for Women 
and Children New (5th) edition, thoroughly revised Octavo, 684 pages, 
with 210 illustrations and 9 full-page plates Cloth, $4 00, net Lea &. 
Fcbiger, Publishers, Philadelphia and New \ork, 1914 

The fifth edition of this autliontatnc work is well adapted to continue its 
popularity It has been revised thoroughh, new material has been added m 
many places, and some rearrangements have been made that improve its order 
and add to the ease of reference \s an cvamplc of completeness of revision 
may be mentioned the description ol the Scliick reaction for the detection of 
immunity in diphtheria, and its technic The account of the bacteriology of 
pneumonia is also as near the times as possible At the same time, the rapidity 
of progress in bacteriologj is illustrated In tlie fact that the important work 
on Motnlta by Ashford and otliers appeared after the publication, while most 
of the work on the endamebas of the mouth was too recent to be included 
In the discussion of streptococci, which is v'cry good, more could have been 
said of septic endocarditis Tlicrc arc reasons for thinking many practicing 
physicians do not keep as well informed on all the phases of microbiologv 
as they should For these, original articles arc too numerous and too hard 
to understand This work, bv reason of its concise and >ct lively style, and the 
unusual experience of its authoi s as iiiv'cstigators as well as clinical and public 
health experts, can be consulted with satisfaction b}^ all classes of readers — 
beginners in bacteriolog} , professionals in boards of health, and practitioners 
of medicine in all its branches, and in all degrees of bactcriologic prepared- 
ness or unpreparedness 

The mechanical execution of the book is good on the whole, but many of 
the halftone and color illustrations arc sadl}^ inferior The bibliographic 
references arc well selected, but the spelling of proper names has suffered 
rather more than it should It is to be hoped the work will continue to receive 
revision and retain its well earned reputation 
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MULTIPLE ABSCESSES OF THE BRAIN IN INFANCY ' 

JAMES B HOLMES, MD 

BALTIMORE 

Duiing the past year the following case, that proved to be multiple 
abscesses of the brain, and that, clinically, was practically undiffeien- 
tiable from chronic internal hypdrocephalus, came under observation 
Certain unusual features make it worthy of lepoitmg The clinical 
history of the case was as follows 

REPORT OF CASE 

History — T D , a white male infant, aged 23 months, was brought to the 
Harriet Lane Home m the service of Dr John Howland, Oct 27, 1914, with 
the complaint “Large Head ” The change had been first noticed when the 
child was 18 months old 

Family Histoiy — Father and mother living and well at 46 and 23 years 
respectively, two other children, aged 5 and 3, living and well, no history of 
miscarriages, or of tuberculosis 

Previous History — Full term, noninstrumental birth Pregnancy, the third, 
labor rather hard (pains being present for two days before the child was 
born) Infant apparently normal and healthy Weight about 9 pounds 

The child was breast fed for two months, and then given diluted cow’s 
milk with sugar He always took his food well Other articles were added 
to his diet at 15 months 

He cut his teeth at 5 months, sat up at 6 months, and walked and said 
a few words at 15 months He had a severe attack of pertussis at 7 months, 
apparently without after effects There had never been any evidence of middle 
ear affection 

He stopped walking and talking at 16 months, and two months later it 
was noticed that his head was enlarged During the six weeks preceding 
admission, the head was said to have increased a good deal in size The 
child had never had convulsions There was no history of injury or trauma 

Examination — The child was admitted to the hospital October 27 as a well- 
nourished, well-developed boy, 74 cm in length, inattentive and with an 
expressionless face He closed his eyes or turned away his head if light was 
flashed in his face and did not grasp objects His head was large, the circum- 
ference 52 cm It was much wider through the parietal diameter than through 
the frontal diameter, so that viewed from above, it was rather triangular in 
shape, with the apex at the forehead The forehead bulged, giving the 
impression that the eyes were sunken The anterior fontanel measured 
3 X 3 cm , and was situated further back than normal It was tense, but not 

' Submitted for publication Jan 12, 1916 

’•'From the Department of Pathology of the Johns Hopkins Hospital and 
University 






Sagittal section of brain showing abscess Two-thirds natural size, section taken from 
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bulging, pulsation was liansinitted The sagittal suture was ununited and 
moveable, becoming soft and yielding at the posterior fontanel The other 
sutures were firmly united The superficial veins, particularly over the fiontal 
and lateral regions of the skull, weie prominent The eyes appeared deeply 
placed, but were not dislocated downward, followed objects well There was 
no nystagmus or paralysis The chest was normal in form, its circumference 
47 cm The heait, lungs and abdomen seemed normal 

On further examination, it was seen that the child grasped objects faiily 
well with his left hand, but refused to take them with his right hand If the 
left arm was held, the child moved the right arm poorly and was not able to 
eat with it He took biead well with his left hand, but theie was marked 
tremor as he moved it to his mouth The difference in the movements of the 
two hands was quite marked When the child desired to be taken up, he 
stretched out his left hand, the right remained still, or, at least, was moved 
less freely 



Fig 2 — Transverse section immediatelj^ in front of tips of temjioial lobes 
Photograph natuial size Shows displacement of right lateral ventricle and 
distortion of other stiuctures, also relative enlaigement of left hemisphere 

The reflexes in both arms and the knee jeiks weie exaggeiated and equal 
The cremasteric reflexes weie present There was no spasticity in the aims oi 
the legs There weie no contractuies The Babmski was negative A fairly 
sustained ankle clonus was obtained at times The child did not speak but 
seemed to understand what was said to him Sensation was present and 
equal on the two sides, so far as could be detei mined 

Temperature, on admission, 99 F , pulse, 140 to 160, lespiiation, 28, white 
count, 10,000, urinary examination, negative. Roentgen-ray report as follows 
“Head markedly deformed, external hydi ocephalus — sella shows evidence of 
pressure ” Lumbar puncture yielded 25 c c of clear fluid apparently under 
increased pressure — (pressuie on the anterior fontanel was thought to increase 
the rate of flow) — and containing 7 lymphocytes and many red blood cells per 
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cubic ccnlmictcr, globulin test positive The Wassermann test (blood and 
spinal fluid) was negative The von Pirquct test was negative 

Opctaitoi: —Two ventricular punctures Avere made about six days apart 
(Dr Dandy) Attempts to enter the left ventricle and the third ventricle 
were unsuccessful Puncture of the right ventricle yielded a few drops of blood, 
tinged, It was thought, with cerebrospinal fluid and folloivcd by freely flowing, 
dark, red blood A sense of increased resistance felt on the right side suggested 
the presence of brain tumor It %\as not felt that the ventricles were dilated 
A second lumbar puncture (November 5) yielded 10 cc of fluid with 35 cells 
per c mm A positive globulin test was obtained 

The phcnolphllialcin test done at this time showed an excretion within 
normal limits * 



The condition of the child remained unchanged The tempeiature remained 
normal The white count remained low There was no perceptible increase 
m the size of head after admission 

Exploratory Ct aniotomy — (Dr Heucr) The skull was thin, the dura was 
not adherent A needle was inserted into the frontal area, which appeared 
1 datively softer, a little fluid escaped from the path left after withdrawing 
the needle It was apparently under no pressure The opening was enlarged 
by blunt dissection until a good exposure of the ventricle (right lateraD was 
obtained The ventricle appeared to be definitely enlarged (diameter 75 cm) 


1 Dandy, Walter E, and Blackfan, Kenneth, D Internal Hydrocephalus, 
An Experimental, Clinical and Pathological Study, Am Jour Dis Child, 
1914, viii, 406 
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and could be followed practically to the posterior limit, and also anteiiorly for 
quite a distance On vacating the field opening on the cortex closed over 
through sagging, “drooping,” in of its walls due to release of the fluid tension 
within The membranes and bone flap were closed as usual 

Postopejatwc Com sc — Following the operation, the child was not able to 
use either the left arm or leg, and by the third night, these had both become 
spastic The temperature remained elevated, 104 to 106, the pulse was rapid 
The child was often restless and often made purposeless movements His 
eyes deviated to the left Edema of the light eye appeared on the fifteenth 
da}’' and became marked, on the sixteenth day the child was unable to close 
his left eye The leukocytes at this time reached 22,600 Jerky movements 
appeared m the right arm and leg The temperature rose to 106 5 at midnight 
of the sixteenth, and the child died at 4 15 a m , November 17 



Fig 4 — Transverse section immediately in front of pons Photograph, 
% natural size Showing operative wound, large right lateral ventricle, 
obliterated left lateral ventricle, large abscess cavity with thick pyogenic 
membrane A second section half way to the tip of the posterior lobe is seen 
to pass through the posterior wall of the cavity, and the median wall of the 
cavity IS seen to bulge laterally (due to pressure of a second abscess) 


Postmoi tein Examination (Nine Homs After Death)' — When the dura was 
opened it was seen that the left hemisphere was distinctly larger than the 
right The convolutions on the left side were wide and flat The left occipital 
lobe was softer than the other portions of the brain, and the dura was slightly 
adherent at this point Sections were made of the brain On transverse sec- 
tion of the hemispheres at the tips of the temporal lobes (Fig 2), the right 
ventricle was seen cut across , the left ventricle was not visible 


2 Permission was granted for examination of the brain only 
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Section lliroiigli the temporal lobes at the level of the optic chiasm and 
paiallel to the first section, icvealed a large abscess m the white matter of 
the left hcmisphcic, the anterior wall of the abscess reaching just to the sec- 
tion (Figs 2 and 3 ) The left \ cntnclc was seen pushed over toward the 
right and collapsed The right ventricle appeared a little larger than normal, 
but its increase in sire was not \erj' maikcd 

A section at the level of the anterior border of the pons (Fig 4) showed 
that the abscess involved much of the hemisphere It measured 62 x 5 cm 
in the transverse and vertical directions, respectively, and 7 5 cm in the aiitero- 
posteiior direction It w’as definitely encapsulated, and contained greenish- 
yellow, purulent material of creamy consistency, homogeneous and not tena- 
cious The wall of the caMty was firm, apparently composed of dense con- 
nective tissue and 3 mm in thickness Ihc left ventricle appeared somewhat 
distended 

The aqueduct of Sylvius had been much dislodged toward the right 
There was c\idcntly no coinmuiiication between the left ventricle, w'hicli 
was collapsed, fioiii direct pressure of the abscess, and the right ventricle. 



Fig S — Traiis\ersc section half waj’ bctw'cen plane of Figure 4 and the 
tip of the occipital lolic, show iiig second large abscess Photograph, % 
natural sire 


which was perhaps a little distended The obstruction of the aqueduct of 
Sylvius might well have caused an internal lij drocejihalus 

The conditions found on the right side appeared to be solely those of 
displacement caused by pressure from the large abscess 

After the pus had been evacuated from the posterior half of the abscess 
cavity, It was seen that the posterior median w^all bulged laterally as a fluctu- 
ating tumor A third section, half-way betw'een the anterior border of the 
pons and the tip of the occipital lobe and in a plane parallel to those of the 
previous sections, passed through the ppstenor portion of the first abscess 
and diametrically across a smaller one (Fig 5) This somewhat smallei 
abscess lay thus mesial to the posterior extremity of the first abscess anc 
piojected backward and outwaid into the occipital lobe The collapsed con- 
dition of the lateial ventricle is well seen in the photograph 

A fourth section made in the same manner as the third, revealed tlmee 
smaller abscesses in the tips of the occipital lobe (Figs 4, 5 and 6) ic 
smaller of these had much less definitely organized walls and the distinction 
between wall and puriform contents was not so well defined. 
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placed toward the side of the cell, it maj’- even come to lie on the periphery 
of a large globule of fat Ihese nuclei are, in no case, polymorphous (for 
example, clover-leaf), in form, and the occasional pus cells found seem to 
be free from the stainable lipoids Certain ones of the larger fat-containing 
cells have multiple nuclei, these nuclei resemble the single nuclei 

These large mononuclear cells containing fatty substances and staining 
more or less deeply i\ith sudan III, are found here and there throughout 
the section Ihey appear to be unusually good examples of the phagocytic 
cells of the central nervous system, the so-called cerebral gtamilc cells They 
form the most conspicuous and interesting feature of the sections in this case 
Their origin will be discussed hereafter 

The wall of the ca\itj', (b), is formed of dense fibrous tissue The charac- 
teristic cells are long and slender, arc tangentially disposed, and intertwine, 
more or less, with their fellows The protoplasm has a uniform glassj 
appearance or is finely granular, and is free from fatty particles The nuclei 
are slender, tapering, and closely resemble the nuclei of ordinary conncctn e 
tissue in form and arrangement of chromatin In some places small groups 
of cells are seen to be included m the fibrous w all , these arc, in every way, 
the counlerparts of the mononuclear cells composing the exudate described 
abo\c Ihe fibrous capsule, as a whole, is conspicuously free from capillaries 
or cellular inclusions, and appears as a dense membrane composed of long 
fusiform cells, with infrequent, slender nuclei Cells like those seen in the 
exudate occur, however, scattered here and there through this area Many of the 
more ccntrallj placed ones stain fauitlj w'lth sudan III, but as the margins 
are approached, these mjeliii-beanng cells become more numerous, and larger, 
and more deeply staining llic nuclei may become larger, less regular, darker 
and more diffusely staining 

At the junction of the fibrous layer and the layer of exudate, two distinct 
types of cells are seen The first is the typical cell of the exudate, a round 
or ovoid cell with a round nucleus m which there is a more or less centrally 
placed nucleolus and peripherally small globular masses of chromatin When 
laden with myelin, the appearance of these cells is modified in the manner 
described above llic second type of cell occurs in much smaller numbers 
It has a lound, ovoid or elongated, nucleus, several times larger than that of the 
cell last mentioned, and vesicular in character, with the chromatin scattered 
rather evenly tin oughout the nucleus m the form of fine granules These cells are 
seen most frequently in close proximity to the delicate capillary processes and 
appear to be endothelial polyblasts Every transition between these and the 
characteristic cells of the fibrous capsule appears to be present The nuclei 
of the fat-contaming cells arc rarely, if ever, found to resemble the nuclei 
of these cells 

Adjacent to the fibrous capsule and blending with it is a zone of blood 
vessels (c) These are relatively numerous and large Branches from them 
penetrate the fibrous capsule here and there and may be found extending 
quite to the cellular exudate on the opposite surface Lymphatic spaces, (d), 
are seen near the larger vessels Near some of them are seen also, collections 
of small lOund cells The cells forming these collections are quite distinct 
from the mononuclear cells forming the exudate described abov'C Transitional 
forms are not clearly distinguished 

The figures seen at (c) are small areas of brain tissue much infiltrated 
with cells and more or less isolated by connective tissue growth They come 
thus to resemble “cell nests ” The infiltrating cells have irregular, somewhat 
vesicular nuclei, bearing scattered masses of chromatin of varying sizes, and 
with, or without, a definite nucleolus In some of these areas a diffuse reddish 
staining indicates the presence of minute globules of liquid substances in the 
degenerating tissue, these globules are here seldom phagocyted 
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The zone marked (e) is a \aytr of cerebral tissue that has been compressed 
and, in a large measure, absorbed It resembles closely the neighboring area, 
(e'), and a description of the latter will serve for both The two areas are 
separated by an infolding of the pia and its vessels (c') Tne figures described 
under (c) are here seen again 

The zone (e') is composed in the main of much compressed and degenerated 
medullary matter The tissue has a tendency to fall into strands that represent 
axis cylinders or groups of them, and are tangentially disposed Fine droplets 
of lipoid substance stained with sudan III are seen everywhere Here and 
there larger aggregates are seen, these are often phagocyted Large, fat- 
containing cells become progressively more numerous as the zone (c') is 
approached The total number of cells in the zone is relatively much increased 
Of these cells, two types may be recognized (1) a cell with a large, clear 
vesicular nucleus, with one or more larger masses of chromatin (nucleoli) 
and a reticulated appearance, and (2) a cell with a much smaller round 
nucleus varying much in depth of staining It is these latter cells that contain 
phagocyted myelin droplets The depth of staining of the nucleus here, again, 
is often proportionate to the amount of phagocyted myelin within the cell 
The cells are rather readily classified into these two types, though occasional 
cells are seen that are intermediate in appearance 

The capillaries in this zone are relatively numerous This is, in a measure, 
due to the absorption of degenerated cerebral tissue and the consequent 
approximation of previously existing capillaries These vessels are nowhere 
occluded, there is no accumulation of infiltrating cells in their neighborhood, 
and no proliferation of the cells m their walls is seen The endothelial cells 
in their walls are usually readily distinguishable from the cells of either of 
the above mentioned groups Heavily laden "granule cells” are occasionally 
seen in close proximity to the walls of the capillaries In some places, fine 
myelin droplets are seen also in the walls of the capillaries Usually, they 
appear free, but sometimes they seem to have been phagocyted by cells within 
the capillary walls 

In the most superficial zone (g) the number of cells is relatively much less 
There is noticeable absence of the minute stained myelin droplets elsewhere 
seen lying free in the degenerating cerebral tissue, and there appears to be 
much less injury to the brain substance The large ganglion cells, however, 
are usually not well preserved and are infrequently met Cells of the first 
type described in zone (e') are the prevailing cells The stamable lipoid sub- 
stances are here present almost exclusively in cells of the second type, and give 
the body of these cells a faint reddish-yellow tinge, or, where most abundant, 
completely fill it with a more or less globular mass that stains deeply with 
Sudan III Many of these smaller cells are seen without such stamable sub- 
stances m the cell body or m the immediate neighborhood, they have the 
appearance of the cells of the second type as prescribed in zone (e') The 
nucleus in those containing little myelin is often unchanged, as the amount 
of substance increases the nucleus tends to become more and more diffusely 
staining and irregular in outline, it may become quite pyknotic 

Finally, the section terminates in a border of thickened pia (h) Its 
capillaries are somewhat enlarged Polymorphs are not observed There is 
no obvious cellular infiltration Immediately under the pia is a narrow, 
incomplete layer in which degeneration appears to be more active than further 
m, and unphagocyted myelin droplets of small size are seen 

Taken as a whole, the section is conspicuous m the unusual development 
and sharp definition of the fibrous capsule, or zone of connective tissue reaction, 
and in the prominence and great variety of the “cerebral granule cells," of 
“Gluge’s corpuscles ” ^ 


3 Gluge, Gottlieb Abhandl f Physiol u Pathol , Jena, 1841, pp 30 and 35, 
and Plate I 
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DISCUSSION 

Neithei the clinical history nor the necropsy findings, gross and 
niicioscopical, throw any certain light on the etiology of the condition 
found postmortem It is necessary to fall back in part on a considera- 
tion of the etiological possibilities Of these, three stand out promi- 
nently, and may be taken up in inverse order of probability glioma, 
solitary tubercle and pyogenic abscess A fourth and more remote 
possibility may be mentioned in passing — cerebral cysts 

Cerebral cysts in children may be the result of one of several 
conditions Necrotic cysts may replace areas of softening Cyst for- 
mation may follow hemorrhage' — porencephalic cysts are probably to 
be included here Cysts appear also in connection with gliomas Those 
due to cysticercus and echinococcus do not appear to have been 
observed in children , their contents are also distinctive 

The content of such C}sts is usually a clear or milky fluid, the 
opaqueness being due to the presence of numerous fat-contaming cells 
(Ziehen) “ No lefcrence is found to the appeal ance of puriform 
contents unless infection has occurred The wall of the cyst may or 
may not be pigmented 

That such a condition was here present seems a most remote 
possibility 

Glioma — After solitary tubercles, gliomas are the most common 
cerebral tumors of childhood They, too, may form cystic cavities con- 
taining puriform material (Ziegler) ® They may be highly vascular 
Where hemorrhage or softening occurs, there appears, says Ziegler, a 
cavity filled with cloudy white or brown, more or less liquefied masses 
Sometimes the glioma tissue forms the wall of a C}st which contains 
clear serum The literature at hand does not show how frequently the 
condition may simulate abscess 

Solitajy Tnboclcs — These are, in comparison with abscess, very 
common in childhood Tuberculous tumors are the most frequent form 
of intracranial neoplasm in childhood , over 50 per cent of all brain 

4 In adults, the tissue adjacent to an area of hemorrhage responds in the 
course of two months with the formation of a capsule composed partlv of 
connective tissue derived from the wall of the blood vessels and partly, 
according to Ziehen (in Bruns-Cramer-Ziehen Handbuch der Nervenkrank- 
heiten im Kmdesalter, Berlin, 1912), of glia Gluge’s cells appear in the 
neighborhood, the injured tissue undergoes colliquative necrosis (Ziegler 
Lehrbuch der pathologische Anatomie, Jena, 1906) and is removed or absorbed, 
the color of the contents passes gradually through browns into yellows, and 
ultimately becomes milky or quite clear This last is, as a rule, the definitive 
condition in children (Ziehen) though in adults scar formation seems to be 
more common 

5 Ziehen In Bruns-Cramer-Ziehen Handbuch der Nervenkrankheiten im 
Kmdesalter, Berlin, 1912 

6 Ziegler Lehrbuch der Pathologische Anatomie, Jena, 1906 
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grow*ths in childhood are of this n'pe < Starr)." They somedmes Sup- 
purate and break dov.*n and may tlien simulate simple abscess Ziegler 
wrote : 

Xot inrreGuendy sGftenrg crtc liqaefv'ng processes appear i.r: the rchercle 
and lead to the fortraroa of abscess ca%it'cs filiec vidt yeuovash-rh.te pas. 
or indeed w.th green: sh-wnl:e pas 

Zielien considered the existence of idiopathic abscesses .n cmldren 
highh- doubtful, and mentioned solitar}- tubercles that have undergone 
suppuration as a possible explanation of some cases of so-cahed idio- 
patliic abscess In isolated cases, rubercle b?.cilli have been demon- 
strated in the v.a.ii and contents of the czvity ( Fraenkel ^ iSS7. 
Oppenheun- and outers but in the mam tlie recognition of the rcber- 
culous origin of such abscesses must be extremely dimcult. 

Pyogcric Abscess. — P\QgenIc abscesses of the brain are quite rare 
in children. They are decided!} rarer than solltar}- rubercies and other 
tumors and are exceptionally rare under 5 years of age. In a collec- 
tion of 223 cases of cerebral abscess Gowers found lOT per cent. 
occurred in patients under 10 \ears of age. Otcada.-- in 1-1 cases of 
cerebral abscess, found 116 per cent, occurred in the first decade and 
38 3 and 50 8 per cent, respecuvely. in the next t^-o decades 

7 Starr: Organic and Finer cnal Xervoas D.seases Xevr York and 
Pciladelphia 1913 Ed. - 

S. Fraenkel .\ : Ueber den rnberculosen H’-nabscess Deatsch. ned. 
lVchii5chr„ ISS7 x»r 373 Fraenkel s case was that of a yonng raechan'e. An 
abscess ca\ir>* toe Size of a hens egg was fortne ’n the left hemisphere at 
necropsy- It possessea a nrm membranons wall 2 to 3 mm m thre^ress The 
aojacent brain tissne was soft, edematous ana > ellowish-white. Xefther in, 
the brain nor elsewhere n the bacy were any gross tobercles cr caseous areas 
found The content of the caviw was pum^ent and withoi-t caseous particj.es- 
To the naked eye it had an appearance tnroughont of o'dlnary }ccnnectfve- 
tissue'^ pus homogeneous odorless somewhat tntcK: o” creamy. On micro- 
scopical exammatfon none of the ordinary pyogen.c organisms were found. 
Instead of these. Innumerable rubercle oacilh were found both ir pus and in 
the membranons wall of the caviw Xo mtcroscop-c tubercles were p'esent. 

9. Oppenhelm Lehrbuen der XervenkranKue ten Berlin 1913. 

10 Rogers frecuently quoted report {Abces CereD~aux Xlultiple. etc- Rev. 
neuroi- 1909 xvii 772 ^s of mterest nere. He recorded a case of multiple 
tuberculous abscesses in the b~a:n of a woman of 39 in whom mere were 
ruberculous pulmonary foe. bur who came under obseivation oecause of hemi- 
plegia. He reviewed the literarure of the subiect anc found that the cerebral 
abscesses of the tuberculous contain a creamy thick pus of grecnlsh-yeiiow 
color, in every way s-mliar to the pus of the otner abscesses Also that the 
wall of the abscess shows nothing CiStincnve ever m the cases in wh.ch 
aciU-fast oacill. are O'esenn the wall dees not conta.r giant cells He thinks; 
the tubercle bacillus acqumes under certain cQndItic”5 the property of fcrm'ng 
iranKly pyogenic pus His own case, however snowed a few ciplocrcc* in 
the pi-5 

11 Okaca W : D agnose und Cc rcrgie des otogenen Kleinh-mabscess. 
Klinische Vortracc a c Geb c Otclog-e u Pnarvnso-Rn'no'isie. Tera, IS^bJ. 
P 311 ~ 



602 


THE ARCHIVES OF INTERNAL MEDICINE 


Okada s figures also showed that cerebellar abscesses occur about 
one half as often as cerebral abscesses during the first ten years of life 
(It had pieviously been thought that the ratio was nearer one to four ) 
He found two cases under 4 yeais of age (2 and 3 years, respectively), 
and four cases at 4 years of age 

In contrast to the above figures, Heiman,^- m 535 cases of ototic 
brain abscesses, found only 3, oi 1 per cent , in children under 5 years 
of age, and but an equal number in the next decade 

The two great causes of p)Ogenic abscess are middle-ear diseases 
and trauma The former is consideied much the more common 
Hegener^’’ found 0 5 per cent of 5,000 patients with chronic inflamma- 
tion of the ear, seen at the Heidelberg clime (1897-1906), developed 
abscesses of the biam Three quaitcrs of them vere cerebral abscesses 
Heiman collected 640 cases of otitic abscesses from the literature and 
found almost one quarter followed acute inflammation of the ear, 
and Dench^‘ found twenty out of one hundred cases followed acute 
otitis 

These abscesses are solitary in 80 to 85 per cent of the cases 
Metastatic or embolic abscesses are usuallj multiple and are even rarei 
m children than aie solitary abscesses Se^enty-five per cent of these 
solitary abscesses of childhood occur in the white matter of the hemi- 
sphere, being relatively more common m tins location m children than m 
adults (B Korner^'’’) The remiunmg 25 pei cent appear m the 
cei ebellum 

Trauma is a less frequent cause of solitary abscess, though second 
m importance Consideimg all ages, Gowers found 24 per cent were 
due to trauma Abscess formation may follow e\ en simple concussion 
It usually occurs m the neighborhood of the mjur}’’, but may be pro- 
duced by conti e-conp These abscesses of traumatic origin are usually 
solitary Infection of the injured areas may occur long after the inflic- 
tion of the injury, abscess appearing as a late result even ten or twenty 
years after the time of injury The symptoms usually appear, however, 
m the first two weeks 

In the present case, there is a history of neithei tiauma nor middle- 
ear disease, and no findings suggestive of eithei were made at necropsy 

Thrombosis and embolism are possible causes of cerebral softening 
and subsequent abscess foimation in childien, but need only be men- 

12 Heiman Ein Fall von akutem otitischen Schlafenlappenabscess, Arch f 
Ohrenh, 1905, Ixvi 

13 Hegener Labyrinthitis iind Hirnabscess, Beitr z Anat u Physiol, 
Path u Therap d Ohres, etc, Berlin, 1909, ii, 359, Statistik der Ohreiterungen 
und Hirnkomphkationen, etc , Ztschr f Ohrenh , 1908, Ivi 3 

14 Dench, E B Otitic Brain Abscess, Am Jour Med Sc,. 1907, New 

Series, cxxxiv, 692 j hn 

15 Korner, B Citations from Ziehen and from Okada (see 'Notes 5 and 11 J 



JAMES B HOLMES 


603 


tioned heie Metastatic abscesses are usually multiple Thrush has 
been noted as a case of cerebial abscess by Wagner, Holt,^® Zenker and 
Ribbert, Aschoff^’’ and Ziehen ° In Wagner’s case, the abscesses were 
multiple and the same fungus was obtained from the abscesses as from 
the mouth Actmom 3 ^ces and streptothnx as causes of cerebral abscess 
do not appear to have been found in children 

The pus found m pyogenic abscesses is variously described as being 
thick, greenish-yellow and sometimes fetid, characteristically greenish 
and thin , thin or cheesy , creamy or thin, grayish-red or stringy, usually 
acid, often green, or (from the presence of iron sulphid) blackish- 
green and often slimy gia)^, while according to Ziegler it is usually 
creamy, yellowish white or lightly greenish tinted 

Whatsoever their cause, solitary abscesses in children as young 
as this are extremely rare 

Gt anule Cells — A few words may be said about the granule cells 
of the central nervous system, since they form such a prominent feature 
m this case 

They were first described by Gluge® m 1841, and have long been 
called "Gluge’s cells ” They are more commonly called simply “granule 
cells,” or “granule cells of the central nervous system ” Our knowledge 
of them has been recently reviewed in its historical development by 
Ciaccio 

Their origin has been a matter of dispute almost since their discov- 
ery New methods of neurological technic and study have lent their sup- 
port 111 turn to this view and to that, without confirming any The 
pictures usually seen m pathological specimens have proved too complex 
for unraveling, and there remains very much that is yet obscure That 
the granule cells aie not derived from the nerve cells is certain They 
are derived either from the supporting cells of the central nervous sys- 
tem, the neuroglia, or they are dei ived from the mesenchymal cells that 
have come m with the capillaries, the adventitial cells, for example 
The problem is being attacked m its simpler forms from the experi- 
mental side Tanaka^® has shown recently that, m the case of small 

16 Holt The Diseases of Infancy and Childhood, New York, 1911 

17 Aschoff Pathologische Anatomie, Jena, 1911 

18 Where statements incorporated in the above discussion are not derived 
from standard textbooks, such as Adami (Adami and' McCrae A Textbook of 
Pathology, Phila and New York, 1914), Ziegler," Aschoff,” Delafield and 
Prudden (Pathological Anatomy and Histology, New York, 1909), their source 
IS indicated 

19 Ciaccio, C Beitrag zur Kenntnis sogenannten Kornschenzellen des 
Zentralnervensystem, Ziegler’s Beitr z path Anat u allg Path , 1911, 1 

20 Tanaka, Takehiko Experimentelle Untersuchungen uber die Herkunft 
der Kornchenzellen des Zentralnervensystems, etc , Ziegler’s Bietr g path Anat 
u allg Path , 1911, 1 
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uninfected cortical wounds the granule cells are derived almost entirely 
from the preexisting glia cells, if not, indeed, entirely from them 

With a cold glass probe, or needle, he produced aseptically slight 
wounds in the cortexes of a senes of guinea-pigs He found on killing 
the animals at intervals aftei operation tliat the polymorphonuclear 
cells and mononucleai cells were piescnt in numbers only up to the 
fouitli day, and very raiely iheieafter The pol) morphonuclear cells 
may take up degeneration products and stain the size of true “granule 
cells,” but they lia\e alwavs multiform, lobulated, nuclei, and may be 
excluded as a souice of true gianule cells The hmphocytes are 
extremely few in numbei as compared with the granule cells, after 
the fourth day, and they remain small In feu cases, Tanaka saw a 
few granule cells of small size that were apparently derived from 
lymphoc)tes, but the nucleus of the innjoiity of the granule cells was 
largei and paler and the chromatin differently disposed within it Pro- 
liferation of the adventitial cells of the neighboring blood vessels Avas 
ver} infrequent and granule cells Avere larel} found in such close 
proximit} as to suggest deiu^ation from adventitial cells Such origin 
cannot be excluded, but must be regarded as relativel) quite unimpor- 
tant This IS also true of the fixed tissue cells, the author could find 
no transition forms from fibroblast to “gianule cells ’ 

The great bulk of the “gianule cells,” according to Tanaka, are 
deiived from the glia cells 

On the third day aflci injury (of the kind described) signs of 
mitoses and definite increase in the number of these cells may be seen 
There is evidence of reaction in the cnlaiged nuclei and the increased 
piotoplasm, Avhich is laden already Avith a feev granules of detiitus By 
the seventh day the increase in the glia cells is marked, and some possess 
'seveial nuclei Intei mingled among the hyperti opined glia cells are 
true granule cells The nuclei of these shoAV the greatest resemblance 
to those of the adjacent hypertrophied gha cells, and every transition 
between the tAvo types of cells may be seen 

In their development into “granule cells” the gha cells seem to 
become detached, says Tanaka, from then fibers and to become ameboid 
in character-^ 

The transition into granule cells occurs predominately (under the 
conditions of the experiment) during the first ten da3^s Aftei tAvo 
weeks the nuclei have already become smaller, are for the most part 

21 That such independence should exist between the gha cell body and the 
fully formed gha fiber is compatible with the views of Weigert (Beitr 
Kenntnis d n mensch Neuroglia, etc, 1896), though disputed by Held (Ue e. 
den Bau d Neuroglia, etc, 1904) (Citations from Tanaka™) 
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angular, and stain more deepty The cells slowly vanish in situ, or are 
carried off into the lymph spaces 

Tanaka saw no evidence of transformation of “granule cells” into 
cells of other types Scar tissue developing from the overlying pia in 
time filled the defect caused by the injury in this experiment, in the 
deeper layeis the neuroglia contributed to the scar formation 

This work is unconfirmed as yet Ciaccio’s^® studies led him to 
quite other conclusions He decided that stamable lipoid globules may 
be found m (a) many degenerating cells m the central nervous system 
(and other tissues), and m (b) a special type of phagocytic cell, the 
“mtei stitial hpoid cell ” This interstitial hpoid cell is deiived, he says, 
from the mesench3'’ma, by way of the adventitial cells of the blood 
■vessels near the injured area 

In the case here presented the microscopical pictures support 
Tanaka’s view of the origin of the granule cells, rather than the older 
views In the least injured tissue, for example in zone (g), the 
neuroglia cells are least affected, occasional well-defined granule cells 
are seen, and numerous less diffei entiated intermediate forms There is, 
in this zone, no demonstrable reaction on the part of the capillaries As 
the tumor is approached and the zone of greater compression and 
degeneration is entered (e'), the neuroglia cells, the granule cells, and 
the transitional cells become much more numerous Reaction on the 
part of the capillaries, however, becomes apparent only later 

In view of the absence of signs of reaction on the part of the capil- 
laries in zone (g) and in the absence of any demonstrable infiltration 
by cells derived from the blood stream itself, it is difficult to believe 
that those cells that appear to be undifferentiated neuroglia cells and 
similar cells containing minute globules of stamable lipoids, and finally, 
fully differentiated granule cells, are not all derived from preexisting 
cells of the central nervous system — the neuroglia To postulate the 
presence of some undifferentiated mesenchymal cell, deposited m the 
brain tissue at some time during development and now reacting to 
stimulus, seems unnecessary 

SUMMARY 

The case here reported repiesents a rare condition, multiple 
large abscesses in the hemisphere of an infant under 2 years of age 
It ran its course under the picture of chronic internal hydrocephalus 
That chronic internal hydrocephalus of the communicating type was 
not present was shown clinically by the phenolsulphonepthalem test 
The condition found at necropsy resembled closely that of multiple 
p}mgenic abscesses of the left hemisphere 

It was not possible, however, wholly to exclude multiple tubercles 
which had undergone puriform softening 
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Micioscopically, the case is noteworthy in the unusual number of 
Gluge’s corpuscles that are present, and in relation to theories of the 
origin of these cells 

I wish to thank Dr Howland for the privilege of reporting this case, and 
Dr Adolph Mejer for his personal interest in the study of the brain ir the 
Neurological Laboratorj of the Henry Phipps Psychiatric Institute 
Severn Apartments * 



STUDIES ON THE PINEAL GLAND 

I EXPERIMENTAL OBSERVATIONS'^ 

GILBERT HORRAX, MD 

BOSTON 

Introductory 

The ancients believed that the pineal body or cornarmm, as it was 
called, regulated the flow of vital spirits from the brain to the spinal 
cord, acting in this capacity in a manner similar to the pylorus of the 
stomach It was assumed that it was a part of the brain, capable of 
movement, and stood as a guard between the third and fourth ven- 
tricles But It is remarkable to find m the works of Galen,^° whose 
name still clings to the neighboring veins, that he used the term 
“acervulus” in describing the psammona or sand bodies found in the 
gland, and in his works recur such illuminating statements as the fol- 
lowing “The pineal was devised for the same purpose as the other 
glands of the body ” In the first place, “it is in substance glandular,” 
and, observing that the blood supply came from the same source as 
that of the choroid, he felt that it must be as distinct from the brain 
proper as is this latter structure Again, ‘if it was a small part of the 
cerebrum itself it would be found at times moved from its own 

situation by compi essions,” and lastly, he lays stress on the fact that it is 
not a part of the brain, because “it clings to it from the outside ” From 
the second century until the time of Faivre, the Galenic ideas concern- 
ing Ihe structure and function of this body prevailed, though, as is well 
known, Descartes regarded it as the seat of the soul 

The careful comparative studies of this organ by Faivre^ in 1854 
form the basis of all subsequent anatomical researches For the next 
fifty years the investigation of the pineal was confined to its embry- 
ology, anatomy, and its pathology m relation to the few recorded clini- 
cal cases of tumor During the last fifteen years only, have attempts 
been made to study the function of the gland by the use of the present- 
day experimental methods 

Because of our newly acquired knowledge that the pineal body 
undergoes a normal, physiological atrophy at the time of puberty, as well 
as the fact that several cases of tumor of the gland occurring before 
puberty have been associated with a marked precocity m the realm of 
both primary and secondary sexual characteristics, it would seem 


Submitted for publication, Jan 28, 1916 
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plausible to assume that the gland, when physiologically active, tends 
to inhihit the development of the sexual function 

Expel imentally, this piohlcm has been attacked in the usual two 
ua}s, namel}, by extiipatiiig the gland, and by the oral administration 
of Its substance As to the foimci method, the experiments, notably 
those leccntl} cairied out by Foa,'”’ sujiport the assumption just alluded 
to, he haMiig experimentall) leproduced by remoAal of the pineal body 
in chickens the syndiomc teiincd by Sartcschi “macrogcnilosoinia pre- 
cox ”2° Oui own obsei \ ations, to be recorded in this paper, also are 
interpreted m support of such a mcw On the other hand, the feeding 
experiments of Dana and Bcikclcy,'- and McCoid*'’ seem to indicate, 
contrary to what would be expected, that prolonged administration of 
the glandulai substance likewise hastens rather than retards the somatic 
and sexual de\elopment 

It will be seen, therefore, that the subject needs further investiga- 
tion, but before recording such results as have been obtained in this lab- 
oiatoiy, some rciiew is neccssar\, as much has been added to our 
knowledge since the resume in 1909 by Marbuig'^^ and in 1912 bv 
Kidd 

P\ST EmI5U\OLOGIC\I FINDINGS 

Piactically all recent investigators support the view that the gland 
is derived from a separate and distinct evagination of the roof of the 
third ^entrlcle Edingcr'’ is apparently the first author to uphold the 
unpaired origin of the pineal gland, formei investigators fGaskelP^ 
and Dend}^) having brought rather meager eMdence to show that the 
buds forming the two pineal oigans in lower \ertebrates were not both 
in the median line Studnicka,-^ in his comparative embryological 
studies, finds that there are always two midline evaginations, the 
anterioi becoming the pineal eye in those forms which retain this struc- 
tuie, and the posterior, the pineal body proper 

Maibuig,'^^^ from studies of human embryological material, also 
believes in the development of the pineal body from a separate out- 
growth, the pineal eye being no longer demonstrable in man He gives 
a schematic representation of the lelationships of the four evaginations 
of the diencephalon m the pineal region Of these diverticula, the 
pineal body proper is concerned onl)’’ with the most posterior, while the 
others, in the lowei vertebiates, develop eventually into (1) the 
paiaphysis, (2) the dorsal sac, and (3) the pineal eye 

Warren,==3 through studies of Reptilta, also supports the view of 
development from a single bud Fie concludes that the pineal eye and 
the epiphysis of the lizard arise as two outgiowths from the epiphyseal 
arch, that for the eye being immediately m front of that for the 
epiphysis This bud first appears m the second embryonal month 
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(Marburg, Schuller, et al ) In reptiles, birds, and mammals, the pineal 
process consists first of a row of follicles that are empty, and later 
these become filled with nucleated cells (Munzer) 

According to Studmcka, the pineal body is piesent in all \erte- 
hrates with the exception of Myxinoids and Torpedo mannorata 
D’Erchia,^’ however, finds it lacking in Toipedo occelata, and other 
authors say that it is not piesent m Crocodiha 

Past Anatomical Findings 

In man, the bod}^ lies just beneath the splenium of the corpus cal- 
losum, resting on the superior colliculi of the corpora quadngemina 
It IS about 1 cm m length and half as broad as it is long Its shape 
may be roughly described as resembling that of a pear or a cone In 
other species, its size varies more or less directly with the size of the 
animal, although relatively larger in the rabbit and guinea-pig than in 
the cat and dog Its situation also in animals such as the gumea-pig, 
rabbit, and in birds is more superficial, owing to the relatively much 
gi eater development of the corpora quadngemina in them, and the rela- 
tive thinness of the occipital lobes of the cerebrum The vena magna 
Galeni accompanies the gland throughout its entire extent, and in the 
chicken (Foa) and also the guinea-pig and rabbit, the separation of 
these two structures m an opeiation for extirpation is impossible 
The pineal is suiiounded by a thin capsule of connective tissue, 
which continues anteriorly as far as the so-called Schaltstuck, by which 
the body forms its connection with the taenia habenularum This cap- 
sule was recognized and desciibed by Faivre, and he also described the 
“globular parenchyma” and “acervulus or sand ” Over the Schaltstiick, 
which IS not a true stalk but an attenuated portion of the anterior end 
of the body, the covering is ependyma, according to Marburg, whose 
monograph should be consulted for the finer structure and i elation of 
the taenia to this portion of the pineal 

From the capsule, thin strands of connective tissue penetiate the 
Ulterior of the gland, forming a meshwork of irregular lobules or folli- 
cles in which he the other elements constituting its structuie The 
hlood vessels accompany these fibrous traberculae The lobulation is 
most evident and most regular in man and the larger animals -(calf, 
sheep), but in the guinea-pig the connective tissue framework is very 
intricate and not very evident, the gland at first sight appearing to be 
simply a mass of cells held together by the capsule 

The cellular elements are somewhat varied, and differ slightly in 
diffeient species, but certain types of cell are common to all First, 
there is what may be called the parenchymal cell, or pineal cell proper , 
a cell whose outline is irregular and hard to make out, owing to its 
poorly staining cytoplasm The nucleus is round and stains intensely 
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w ith hematoxylin, as does also the nucleolus The nucleus, in addition, 
contains many fine granules, on which is based the anatomical belief of 
the glandular nature of the organ This glandular nature of the paren- 
chymal cells IS brought out by nearly all anatomical observers, being 
especially maiked m birds, according to Sarteschi Dimitrova,'* 
Studmcka, Krabbe*'^ and Mai burg comment at length on the granules 
of the nuclei In a recent contribution, Krabbe also lays stress on the 
extrusion from the nuclei of pyroneutrophil granules 

Next to the true parenchymal cells, m point of number, come the 
glial cells These form a con=lanl and numerous clement m all glands 
which ha\ c been studied by the \ arious iin estigators, from Kolhcker*^ 
111 1850 to those of the present day For a more detailed account of the 
structuie of these cells, reference ma)’’ be had to the works, among 
others, of Dimitrova, Studmcka, Krabbe,* “ Sarteschi*” and Marburg 
In the calf particularly and m the sheep, there seem to be two zones of 
glial cells, an anterior, m which the cells are of a larger type, and a 
posterior m iihich they aic definitely smaller and more numerous 
Among other important structures found m the pineal of certain 
species (ox, calf, sheep, dog) are the ca\ities resembling thyroid vesi- 
cles (Dimitrova) from which may arise the C}sts which have been 
described by Jordan,*” Mai burg and others 

The so-called sand bodies aic another constant and characteristic 
finding, especially m the pineal of man and the largei animals Other 
structures which have been said to occur are sympathetic nerve cells 
(Cajal,” Retzius*®), cells resembling the latter (Dimitrova), calcifica- 
tions and hpoid substances (Krabbe), stiiated muscle fibers 
(Dimitrova), ganglion cells (Studmcka), and possibly mitochondria 
(Biondi*) 

Studies of the paths of secretion of the pineal have been made by 
Loewy ”” He injected dye stuffs into its substance, and thus demon- 
strated three types of spaces (1) pericellular, (2) interlobular, and 
(3) spaces connecting the gland substance with extraglandular struc- 
tures (choroid) 

Physiological Observations 

I ADMINISTRATION OF EXTRACTS 

{a) Acute Effects— A limited number of physiological experi- 
ments with extracts of the pineal have been reported, and these have, 
m the mam, been negative so far as any striking effect on the bodily 
activities IS concerned 

In 1898 HowelP* made brief mention of some intravenous injec- 
tions of pineal extract, in which the effect on the blood pressure was 
inconstant Von Cyon”” in 1903 injected intravenously extracts of the 
pineals of the ox and sheep Small doses were said to have no effect 
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on the blood pressure, but gave a slight tachycardia In larger doses 
a slowing of the heart was noted, together with a frequent pulsus 
bigeminus or pulsus trigeminus , and a fall m blood pressure sometimes 
occurred He, moreover, was led to revive the ancient view of a 
mechanical function which regulates the flow of cerebrospinal fluid 
from the third ventricle, because of changes observed in its form after 
electrical stimulation Krabbe^^ also supports this oldei theoiy in a 
recent discussion of the function of the pineal 

Dixon and Halliburton-® in 1909 studied the effects of extracts of 
the pineal bodies of sheep, but fail to say whether the material came 
from adult or from young animals The results were relatively nega- 
tive on blood pressure, heart rate, and respiration, as well as on the 
volume of the intestine and kidney and on the rate of kidney secretion 

The studies of Joidan and Eyster-® in 1911 are also negative with 
legard to any great effect on blood pressure A relatively slight fall 
was recorded, together with an intestinal vasodilation, and a transitory 
diuresis with glucosuna was observed in 80 per cent of the cases 

In 1912 Ott and Scott®^ found the effect of pineal extract on arterial 
tension, urinary secretion, glucosuna, intestinal and uterine contrac- 
tions, and pupillary dilatation to be practically negligible An insignifi- 
cant vasodilatation of the kidneys was lecorded, together with a little 
increase in the flow of urine 

Personal Obsejvatioiis of Acnte Effects — With the idea that 
extracts of very young animals might be more potent than those com- 
monly employed, a series of observations was made with glands from 
calves and young sheep The material was obtained fresh from the 
abbatoir, ground up in a mortar and dried m the air A part was mixed 
with lactose in the proportions of 1 3, and when used was weighed 
out as powder and dissolved or taken up in normal salt solution 
Medium-sized dogs were used and the injections were made into the 
left external saphenous vein 

Injections of small amounts (01 gm ) gave practically no result 
There was a variable, moderate fall in blood pressure, with no effect 
on respiration or on the flow of cerebrospinal fluid With larger 
amounts of the powder (0 5 gm ) a constant fall in blood pressure was 
recorded, varying from 10 to 24 mm of mercury The acute effect 
of the injection lasted on an average about two minutes, the pressure in 
all cases showing a subsequent gradual rise to normal over a period 
varying from ten to fifteen minutes In no case was there a subse- 
quent pressor response 

In order to test the effect on the flow of cerebrospinal fluid, the 
Cushing-Weed method of puncturing the third ventricle was employed, 
each drop being recorded as it fell from the cannula by a marker on 
the drum The effect on the cerebrospinal fluid was that which might 
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be ex])eetcd meicly from the concomitant fall m blood pressure, namely, 
a slo^^ mg of the flow, or m some cases an absolute stoppage The injec- 
tions made Avith extracts of the fresh glands befoie drying, either by 
boiling or extracting m m arm salt solution, were m all essentials similar 
to those of the dried powder In order to see \\hether the effects 
recorded were due to the pineal extract itself or to the cholm content of 
the gland, ^/^oo gram atropm was used m a series of injections along 
with the pineal extract The results obtained from these injections 
varied considerably, but m all cases a slight fall was demonstrable, and 
m at least one case the fall was measurably as great as that caused by 
an injection of the extract without the atropm fifteen minutes 
pre^ ions 

It \\as found, theiefore, in agreement \\ith oui predecessors, that 
mtra\enous injections of the extracts of the pineal body of young 
animals cause a constant but relatively slight fall in blood pressure 
The injection causes no increase m the flow of cerebrospinal fluid and 
the fall of blood pressure, morco\cr, is not due entirely to the cholin 
content of the gland 

(h) Piolongcd Effects — Sc\eral investigators have administered 
pineal substance to animals o\er long periods, either by the method of 
feeding the dried gland by mouth or injecting extracts of it 
intraperitoneally 

Dana and Berkeley’- m conjunction with Goddaid and Cornell car- 
ried on a series of such experiments and conclude that the ingestion of 
povder made from the pineal body hastens the growth of young 
animals The animals used were young guinea-pigs, kittens and young 
rabbits In all cases the subjects, which were fed the pineal powder, 
gained a i elalively greater amount in body Aveight than the controls over 
the various courses of observation, extending from two and one half 
to five months The actual figures show that the gam of fed animals 
over controls varied from 7 5 to 20 per cent 

As a result of these investigations, pineal gland substance was 
administered to a series of fifty defective cbildien and they felt that it 
proved of value, though no results were obtained in cases of frank 
idiocy or gross physical defects Improvement was noted in cases of 
simple retaided mental development and mongolism The controls 
gained more in bod)'' weight, and the subjects more in mental capacity 
They could not be certain of any mental defect in children which might 
be ascribed to hypopinealism or apmealism 

In 1914 McCord-’® studied the results obtained by feeding powdered 
extract to young guinea-pigs, young chickens and puppies The extract 
was made from the pineal glands of “young adult cattle,” dried and 
mixed with lactose A noticeable overgrowth occurred in body weight 
of the animals fed with the extiact over the controls His statistics 
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show a 23 per cent gam for the guinea-pigs fed with pineal over their 
controls, and in chickens also he says there was a noticeable increase in 
size in those fed on the gland substance He notes further that among 
the females which received the pineal powder there is a greater ten- 
dency to earlier pregnancy than among the controls His investiga- 
tion with puppies was unsatisfactory, owing to distemper In more 
recent papers*" he confirms his earlier results In his later series hypo- 
dermic injections of pineal extract were substituted for the oral admin- 
istration of the gland, and the guinea-pigs so injected showed 26 per 
cent gam m weight over controls during the six weeks of observation 

J B Boehm, working in this laboratory during the past year, has 
also studied the effect of prolonged oral administration of pineal gland 
substance to guinea-pigs and rats His results were conflicting, m that 
m some cases the fed animals showed greater development of their 
genital organs than the controls, while m other cases the controls out- 
stripped the animals to which the pineal was administered 

IT EXPERIMENTAL EXTIRPATIONS 

(a) Previous Observations — The literature appears to contain but 
seven references to any attempts at expeiimental removal of the pineal 
body Sarteschi^® m 1910 reported negative results on a series of eleven 
rabbits, only two of which lived, and m only one of these was the gland 
thought to be totally extirpated In 1913, however, he succeeded m 
removing the pineal from two puppies and three guinea-pigs One 
puppy was said to have gamed definitely m weight over its control, and 
its sexual development accelerated At necropsy its testes were much 
larger than those of the control The other puppy had no control, but 
its tests were said to be much larger than normal, when it was sacrificed 
before reaching adult size As to the guinea-pigs, the author found an 
increase m weight of body and in the size of the testes m one experi- 
mental animal over its control The testes of the other two guinea-pigs 
were said to be “well developed” when sacrificed, but there appear to 
have been no controls There were no changes m the other glands of 
internal secretion 

Biedl*® in 1910 attempted without success to extirpate the pineal in 
puppies No changes were noted in the three survivors of his series 
The following year Exner and Boese®® reported negative results in a 
senes of ninety-five young rabbits, of which only six survived to 
maturity and these showed nothing which could be demonstrated as a 
departure from normal 

Foa^® m 1912 reported the only notable changes which up to that 
time had been recorded after total experimental pmealectomy He 
succeeded, with chickens, in having three cocks and twelve hens live to 
maturity after extirpating the gland No changes occurred m the hens 
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The pmealectomizccl cocks showed vai loits evidences of hastened matur- 
ity They crowed and gave evidence of sexual instinct from foity-two 
to seventy-nine days before then controls There W'as a marked rela- 
tne hypertrophy of the combs and testes of the experimental over the 
control cockerels 

Two years latei Foa added some confirmatory results to his earlier 
w 01 k In a second senes tw o males and five female chickens survived 
pmealectomy Again no changes were observed in the case of the 
females, but the Uvo pincalectomized males showed a much greater 
increase m the size of then combs and testes than did their controls 
The author also attempted to renio\e the gland in eight young rats, and 
of the four suivivors, three yveic males These animals apparently 
gamed in body iveight oa cr controls up to a certain length of time after 
operation, wdien the iveights of both became about equal One rat 
showed an increase in the iveight of its testes oier the control Micro- 
scopically, the testes of pinealectomizcd animals, both chickens and rats, 
show ed relatively larger canahculi and tubules than did their controls 
No apparent changes occurred m the other glands of internal secretion 

A series of obseryations on canine pmealectomy w'ere made by 
Dandy'’ undei Dr Cushing’s suggestion in the Hunterian Laboratory^ in 
Baltimore in 1912 Sonic successful extirpations were achieved, but 
the results were negative The method has subsequently been perfected 
by'- Dandy, wdio lecords a series of further experiments with equally 
negative results Thus, though Sarteschi’s and Foa’s experiments 
with rats are suggestive, no conclusive changes have been observed as 
yet in mammals 

(6) Posonal Obso'vations — The topography of the pineal region 
in young dogs and cats was studied w ith a view' to the most favorable 
surgical approach, but after numerous operatn e trials which resulted in 
incomplete resections, further work on these animals w'as abandoned 
The same experience was had ivitli ymung rabbits, and although the 
operative lesults w'ere slightly bettei than m the case of the puppies, 
they w'eie on the wdiole equally unsatisfactory The operation w'as done 
in one stage, and in a majority' of cases the gland w'as completely' extir- 
pated, but no animal survived the inevitable hemorrhage more than 
forty-eight hours Even the controls, w'hich were subjected to a simple 
decompression over the pineal region, usually succumbed within a week 

Guinea-Pig Series 

The operative results w'lth these animals, however, were very 
much more successful, and the complete removal of the gland was 
accomplished in a large percentage of cases The animals w'hen 
operated on varied in age from 2 day's to 6 or 7 "weeks, and usually 
the experimental and control animals were members of the same 
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litter If at least two males or two females could not be obtained from 
the same litter, the animals which were chosen for operation were 
picked from the same breed, and at the start were as nearly as possible 
equal to each other m weight and age The difference m weight in such 
animals was never more than a few grams, and m age never more than 
two to four days The two sets of experimental and control animals 
were kept and fed undei identical conditions, the cages of both being 
of the same size and in the same situation, and the amount of food for 
each lot was weighed out equally 

On the whole, the animals did very well, considering that they were 
operated on at so early an age, and if tided over the first forty-eight 
hours they usually lived until sacrificed, although a few of both experi- 
mentals and controls died after the couise of several weeks, due to 
intercurrent causes In all, 144 pigs were operated on, and of these 
an attempt was made m 82 to extirpate the gland, while in the remaining 
62 a control trepanation was performed The larger number of experi- 
mental animals is due to the fact that the operation on them being more 
severe, theie were more immediate casualties, necessitating a greater 
number of subjects for operation Of the 82 experimental animals, 48 
lived to maturity or until sacrificed, while of the 62 controls, 42 lived 
an equal length of time as their experimentals 

In nearly every instance postoperative death was due to hemorrhage 
from the large vein of Galen The mortality is necessarily high 
Exner and Boese in 1911 quote 75 per cent of immediate deaths in 
young rabbits , Sarteschi in his first report shows 72 per cent deaths 
with the same species, while in his more recent work his mortality was 
87 5 per cent with guinea-pigs and 80 per cent with puppies Foa’s 
percentage of deaths from operation on chicks was 76, but m 1914 he 
reduced this to 30 per cent , while of the eight young rats mentioned 
in his last paper, four died, a 50 per cent rate 

TECHNIC 

As perfect asepsis as possible was employed, and no infections developed 
in the entire series Ether was the anesthetic used throughout The skin was 
prepared by shaving and by applying 70 per cent alcohol, and a piece of 
sterile gauze dampened in 1 1,000 mercuric chlorid was placed over the whole 
animal A small opening in the gauze was then made over the operative field 

After a median line incision over the posterior end of the skull, the peri- 
osteum was scraped back with a blunt knife and a chip taken out of the 
underlying bone down to the dura with a sharp knife The area was further 
enlarged until the superior longitudinal sinus was exposed from about its 
midpoint to where it joins the two lateral sinuses between the posterior end 
of the cerebrum and the anteiior end of the cerebellum The greater part of 
the occipital bone was removed in one piece, so that the pineal region was 
exposed fully The superior longitudinal sinus was now ligated in two places 
anterior to the two lateral sinuses and divided with the dura between the 
ligatures The posterior flap of dura thus formed was then retracted, exposing 
the gland This was grasped flrmly with a “mosquito” clamp and gently pulled 
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out, suflicicnt tension being exerted to disengage it from its adherent structures 
without causing it to break apart itself The gland was put into 10 per cent 
solution of formaldehyd and suhsequcntlj' sectioned A good deal of hemorrhage 
ahvajs followed the extraction of the gland, hut w-as usually controlled by the 
pressure of cotton pledgets taken from hot salt solution The dural flap' was 
then replaced and the skin sutured For the controls, a similar operation was 
performed w-ith ligature of the sinus, hut the dura was not opened 
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* Pmealoctomized animal 


After opeiation, the experimental and contiol animals Avere put into 
separate cages, males and females in each lot being kept together from 
the start, so that an idea of any differences in time of breeding could 
be noticed Each animal tvas weighed weekly The age at which the 
various pairs of experimental and control pigs -were sacrificed varied 
from seven and one half to fourteen weeks in the case of males, but 
females were often allo\ved to live a much longer period so as to note 
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the date of their first parturition When sacrificed, the animals were 
chlorofoimed and the testes and seminal vesicles carefully removed and 
weighed These, together with the other endocrine glands, were 
immediately put into Zenker’s solution, and after embedding in paraffin, 
sections were cut from exactly corresponding parts of each organ The 
brain of the experimental animals was also removed, together with the 
meninges, at the time of necropsy, and serial sections cut through the 
whole of the pineal region so that any tiace of remaining pineal gland 
could be discovered In fifteen males and twenty females of the series 
the gland was thus found to have been totally extirpated It is, there- 
fore, to these animals, with their controls, that the recoid of our results 
IS confined 

Results (males) Taken as a whole, very little difference was 
noted m the body weights of the experimental and control animals 
As will be seen by the accompanying table, the average weight of 



Fig 1 — Showing testes of guinea-pigs (Pair 1) aged 14 weeks, seven weeks 
after operation Right pinealectomized animal (Slightly reduced ) 

experimentals at the time of operation was slightly less than that of the 
controls, and when sacrificed from the fourth to the seventh week 
after operation there was a slight gain in favor of the pinealectomized 
animals, but both figures are possibly within the normal limits of varia- 
tion Both Foa and Sarteschi, however, record a gam m weight of 
pinealectomized over control animals, so our findings, though not sti ik- 
ing, accord with theirs 

In regard to the growth of the genital organs, a much more notice- 
able increase took place in favor of the pinealectomized animals As 
shown by the table, the total weight of the testes of the experimental 
animals was 12,815 mg against 9,950 mg total for the controls This 
makes an average of 854 3 mg for each experimental pig against a 
663 3 mg average for each control This difference will be seen in the 
photographs of several of the various pairs of testes of experimental 
and control animals (Figs 1, 2, 3 and 4) 
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It will be noted in the table also that the experimental pigs showed 
a marked incicase in the size of the seminal vesicles over those of the 
controls No mention appears to bai c been made by other investigators 



Fig 2— Showing testes of guinca-pigs (Pair 4) aged 13 weeks, se\en and 
a lialf weeks after operation Right pinealcctomired aiiinial (Slighth reduced) 



Fig 3 — Showing testes of guinca-pigs (Pair 6) aged 9 w’ceks, fiftj dajs 
after operation Riglit pinealectomizcd animal (Slightly reduced) 



Fig 4 — Showing testes of guinea-pigs (Pair 12) aged ^ ^ 
two days after operation Right pmealectomized animal (bligntl\ re ) 


concerning these organs, which in the case of the pituitary studies made 
by Goetsch^^ in this laboratory were found so greatly enlarged Our 
pmealectomized animals showed a total tveight of the seminal vesicles 




0-O 



Fig 5 — Sections through corresponding portions of testes of guinea-pigs 
(Pair 4) aged 13 weeks Note large size of tubules with many layers of 
spermatogenic cells and tails of spermatozoa in pmealectomized animal (upper 
drawing) (X 100) 
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of 11,450 mg agcUUbt the controls’ 7,000 mg , oi an average of 763 3 mg 
for the formci against 466 6 mg foi the lattct Again, the photograph 
senes to cmphasi/c the diflcrcncc A\hich the scales lecord 

Microscopicall} , the difleienccs m the testes of the experimental 
and control animals n ere perhaps not so marked as might be expected 
fiom a companson of their gioss si/c and weight Nevertheless, in 
this 1 espect also, there wcie chtingcs which indicate a hastened develop- 
ment of the organs under considcialion (Fig 51 Ihe most marked 
diflerenccs occuiied in pigs which were sacrificed between the ages of 



Fig 6 — Sections through corresponding portions of seminal vesicles of 
guinea-pigs (Pair 8) aged 8 weeks Note larger size and more advanced 
state of epithelial lining of lumen in pinealectomized animal (upper photo) 
(X25) 

9 and 11 weeks If sacrificed before this age, practically no micro- 
scopical differences could be detected, w'hile later than eleven weeks the 
difference again became very slight ownng to the proximity of normal 
maturity 

When taken during the age of maximum difference, the testes of 
pinealectomized animals show' relatively large tubules, their lumina 
almost entirely filled with the many layers of sperniatogenic cells in all 
stages of growth Active spermatogenesis is evident Interstitial cells 
are abundant, but cannot be distinguished in size or in amount from 
those of the controls The tubules of the controls are definitely smaller, 
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Mhen exactly similar portions of the testes of each are studied, and the 
la} ers of spermatogenic cells in the lumma are fewer by far than is the 
case ivith the experimental animals Occasionally there are a few 
mature spermatozoa but these are rare and there is much less uni- 
formity of development portions of tlie testis showing tubules m a ver} 
immature stage without even a beginning spermatogenesis 



Fjg 7 — Sections through corresponding portions of seminal ^ esicles of 
guinea-pigs (Pair 6) aged 9 -weeks Note larger size and thinning of walls 
due to collection of secretion in lumen in pmealectomized animal (upper photo) 
Control shows small size and thick walls of immature ^eslcle and no evidence 
of secretion from epithelial lining (X 25 ) 

The microscopic picture in the seminal vesicles of the two sets of 
anmials was far more striking than that of the testes Here no particu- 
lar age of maximum difference could be identified, except that earlier 
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tlian 8 w ceks of age, the vesicle always appeared immature in the case 
of both Beyond this age there v as a rapid change in the experimental 
animals, manifested by an cnlaigcment of the lumen of the vesicles at 
the expense of the thickness of their walls The cells of the linine 

o 

mucous membrane vcrc seen to increase in height, nhilc in most cases 
there uas an abundant secretion of colloid material completely filling the 
lumen The diffeicncc between this picture and that of controls is 
cleaily shown m Figures 6 and 7 Hcie the cross section of the ^eslcle, 
always taken at a corresponding point to that of the experimental, is 
noticeably less, the walls are thicker and the lumen smaller, as in the 
immature type That the lining cells ha^e not yet begun to secrete is 
evident fiom the total lack of colloid secretion in the lumen 

Results (females) In accordance uith the obscr\ations of othei 
investigators, no differences could be made out in size or weight of the 
female genital organs, noi ^^as there a demonstrable difference when 
these tissues were studied undei the microscope In regard to body 
weight, it ma} be said of them that a similar cur\'e was shown as in the 
case of males, excluding the ones which became piegnant, as here, 
natuially, a normal rapid increase was e\ident 

As to ph} siological evidence of hastened maturity in females, the 
incidence and termination of pregnancy is the only factor which we can 
quote, and here our figures are inconclusive, owung to the fact that in 
most cases the males were sacrificed before the age of full sexual 
maturity w^as reached 

Of the tw'enty females in wdnch total pincalectoniy w'as showm to 
have been accomplished, three became pregnant, wdiile out of the same 
number of controls there w'ere but tw'o All three experimental pigs 
w^ere delivered of their young ten days or more before either of their 
controls gave birth, the eailiest of the expeiimentals being dehveied 
three weeks before either control When it is considered that the normal 
period for guinea-pigs to leach sexual maturity is about nine w^eeks, 
it woll be seen that, in the above instances at least, this period w^as 
shortened one sixth to one third 

From the experiences with young guinea-pigs several difficulties 
W'ere obvious First, the litters being very small — usuall)'^ not more 
than tw'^o — it w’^as hard to get a large series wuth absolute controls 
Second, as the time betw^een the birth of guinea-pigs and their arrival 
at normal maturity is quite short, there Avas little time to obser\e the 
changes w^hich might develop due to the influence of the pineal Lastly, 
the relatively long, thin pineal gland of guinea-pigs made complete 
extirpation very difficult because of its tendency to break Avhen traction 
w^as exerted on it 
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Rat Series 

For the above reasons, a series of operations on young rats was 
undertaken, and although an epidemic ruined nearly all of the experi- 
ments, It was immediately evident that, excluding such an unforeseen 
factor, these animals on the whole made the more ideal subjects for 
pineal experimentation Litters are large and the interval between 
birth and sexual maturity is far longer than in guinea-pigs The pineal 
gland Itself is much shorter and less fragile, and can be picked out 
easily and surely with a pair of small forceps 

. As previously mentioned, an epidemic broke out among the cages 
of rats, and in order to get a fresh start after thorough disinfection, the 
few survivors were sacrificed earlier than had been intended Among 
these, only one or two showed any changes which might be attributed 
to disturbance m pineal secretion 



Fig 8 — Showing testes of rats (Litter 13) aged 9 weeks, four weeks after 
operation Right pinealectomized animal (X2) 


Two males of Litter 13 weie sacrificed at the age of 9 weeks 
Complete pinealectomy had been performed on one, and a control 
operation on the other a month previously Their sizes and weights 
at the time of operation were almost identical When sacrificed, the 
pinealectomized animal weighed 37 gin , as against 28 gm for the 
control The testes of the former were also much larger than those 
of the latter, weighing 410 nig to 250 mg for the control (Fig 8) 

Two males of Litter 12, a pinealectomized and a control, showed no 
differences at the age of 9 weeks, these animals also having been 
operated on a month before The testes of each weighed 300 mg 

Three males of Litter 22 also shov ed very slight differences They 
Avere sacrificed AAdien 7 Aveeks old, their operations having been per- 
formed only tAvo Aveeks preAnously Of the three, the pinealectomized 
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A\eighcd 36 gm uhen saciificcd, as against 35 gin and 31 gw , respec- 
tively, foi the two contiols Ihe testes of tlic expenmental rat weighed 
280 mg, A\hile tliose of the controls weighed 260 mg and 280 mg, 
icspectn elv 

In Litter 23 there w as but one sui vn oi . a pmealectomized male, and 
tins animal, although sacrificed when 6 weeks old and only two weeks 
aftei operation, showed an incicase in hod) weight from 23 gm to 
31 gm , and its testes weighed 410 mg Anothci single, male, pincalec- 
tomi/ed sunnor occurred in Littei 17 0 his animal was sacrificed at 

the age of 9^6 w’ceks, oi thiee and one half weeks after opciation Its 
bod) weight w«is 29 gm and th.it of its testes 280 mg Interesting com- 
parisons with these last two cases, although not actual controls, are 
the two sunning members of Littci 11 Both these animals had a 
control opet.ation pcifoimed at the age of 5 weeks, and were sacrificed 
when 9 weeks old Their weights weic 25 and 40 gm , respectively, 
while the testes of the one weighed 280 mg and of the other 300 mg 

Aside from the demonstration of the comparatnc ease of the opera- 
tion, which will make this species the most desirable for future studies, 
the lesulls foi our immediate purposes are mconclusne Can the 
changes which ha\c been obser\ed in these experiments be attributed 
to the loss of the pineal gland, or may the) be attributed to some other 
injury of glandular or nercous tissue’ The only other intracranial 
organ w hich is know n to influence bodily grow th and sexual develop- 
ment IS the pituitary body, and it is concenable that, as a result of the 
operation wdnch has been described, some secondary changes might 
occur in that structure, due, possibly, to a postoperative hydrocephalus 
scar formation, but such a condition has ne\er been observed and, 
furthermore, it wmuld have led to changes the reverse of those w^e have 
seen, namely, to skeletal undergrowth and dela) ed sexual development 
111 our series of guinea-pigs the pituitary w'as studied microscopically 
and no departuie from the noimal was noted 

Conclusions 

1 Total experimental pinealectomy is possible in guinea-pigs and 
rats 

2 Pmealectomized male guinea-pigs show'' a hastened development 
of the sexual organs, manifested before maturity by a relative increase 
in size and weight, both of the testes and seminal vesicles, over control 
pigs of the same litter 

3 Histologically the testes and seminal vesicles of these animals, 
if taken before the age of sexual maturity, show a more advanced 
physiological state than their controls 
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4 The pmealectomized females appear to show a tendency to breed 
earlier than controls of the same age and weight 

5 For several reasons, }oung rats are likely to prove better subjects 
for experimental pmealectomy than j'-oung guinea-pigs, and some evi- 
dence of hastened maturit}* has been obtained in this species 
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STUDIES ON THE PINEAL GLAND 

IJ CLINICAL OBSERVATIONS 
GILBERT HORRAX, MD 

BOSTON 

INTRODUCTORY 

The clinical aspects of pineal tiimois have been abundantly discussed 
since 1909, when Frankl-HochwarP® suggested the possibility of a 
pathognomonic syndrome Marburg^® especiall)^ has developed the sub- 
ject, emphasizing the association of adiposity, which he regaids as an 
indication of overfunctiomng of the gland To this we shall return 
in the discussion of one of the cases here reported 

The salient factors of pineal symptomatology may be gleaned from 
the reports of about seventy cases of tumor of the gland Of this num- 
ber only twenty-two occurred before the age of puberty and these, 
therefore, represent the source of evidence of that special tram of 
symptoms which we have come to associate with pineal disorders, 
namely, premature development in the realm of both primary and sec- 
ondary sexual chaiacters In several of these cases, moreover, princi- 
pally in the earlier reported ones, the case records are insufficient or 
wanting, and in five others no reference is made to the sex organs, 
although certain metabolic symptoms are noted Of these, adiposity, 
drowsiness and polyuria are the most frequent, suggesting at once an 
implication of the pituitaiy, but the imperfect records preclude any 
possibility of settling this question at present Regarding the other 
cases, of which there are about ten, we find that all but one are in young 
boys between the ages of 2 and 12 years The exception is Ivlarburg’s 
case, a girl 9 years old 

Following Marburg’s classification in his later paper (1913),^’- the 
symptoms recorded may be put down under thiee headings 
1 General — These include all the usual signs of mtracianial pressure, 
usually due to a secondary hydrocephalus, and need not be given in 
detail 2 Neighborhood — Of these the more important are dependent 
on pressure on the corpora quadrigemina, giving various oculomotor 
paralyses and pupillary disturbances, and also those by which the cere- 
bellum IS secondanty involved, with ataxia as the mam symptom 
3 ConsHUthoml — It is here that we find the a arious changes for which 
the name “macrogenitosomia praecox” has been suggested Coupled 


* Submitted for publication Jan 28, 1916 

* From the Surgical Ser\ ice of the Peter Bent Brigham Hospital 
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With a general bodily ovcrgiowth, the size of the primary sex organs is 
the most striking feature m the iccoids of these cases The penis and 
the testes aie frequently described iii these childien as of adult propor- 
tions, and both pubic and axillary hair is noted to he similar in extent 
and abundance to that of maturity Again, the change in voice to that 
of deep masculine type is recorded m one case as early as years 
IMental piccocity is also a u ell-marked sjmptom 

To sum up, then, the aho^c syndrome usually occurs in hoys before 
the age of puberty, and at necropsy in all cases a tumor replacing the 
pineal gland has been found In the case of the girl, no disturbance of 
the sexual organs was apparent, adiposity being the only metabolic 
finding If we are right in assuming that the pineal is a gland, 
and that its secretion exerts any influence on bodily processes, such 
evidence as we have ivotild seem to indicate that this influence is exerted 
on inhibiting physical and mental adolescence 

KCPORT or CASES 

During the past two years the following three cases have been 
observed in the surgical service at the Peter Bent Brigham Hospital 
In one of them a tumor of the pineal w'as shown to be present at 
necrops} The other tw'O patients are still luing, but wuth symptoms 
and signs sufficiently suggestive of pineal disturbance to justify their 
inclusion liere 

It IS quite possible that these conditions may he more frequent than 
IS commonly supposed Tw'o cases liaAe already been recorded by Dr 
Cushing^^ in wdiich the surmise of a pineal tumor Avas made These 
gave the usual clinical picture The tw'O suspects among our present 
three cases aie as follow^s The first of these is a young girl 

C\sr 1 — Surg No 1341 Precocious adolescence overgrowth cranial 
enlargement Callosal puncture 

June 1, 1914, admission of Virginia G, aged 11, referred by Dr H T 
Pershing of Denver, Colo 

Family History — The patient’s father and mother are living and in good 
health There arc two other normal children in the familj, a boj' and a girl, 
both younger than our patient 

Personal History — A full term baby, born without instruments and with- 
out particular difficulty, bottle fed, walked and talked at 18 months At the 
age of 1 year it was noticed that her head was unusually large, and a diagnosis 
of hydrocephalus made by the family physician Her body then begaii to 
develop abnormally, so that she has alwaj's been large for her age Her 
mother describes her appetite as enormous 

Two 5 'ears prior to admission she had what was apparently a period o 
polyuria Subsequently she had a bad attack of typhoid fever, relapse, 

lasting SIX months Eyesight has been poor since babyhood and she has worn 
glasses for some time Apparentlv there was an external strabismus o tie 
left eye which was corrected by operation two years previously 

There has been a persistent but not increasing weakness of the right hand 
and arm since birth, so that the child early learned to use the left hand almost 
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exclusively, even in writing For many years, also, she has been troubled 
with headaches, which have been frontal and bitemporal in situation There 
has been no concomitant nausea, or vomiting, but some slight dizziness These 
headaches have been less troublesome during the past two years 

Along with the overgrowth of the body there has been a precocious develop- 
ment of the secondary characters of sex In August, 1913, when hardly 11 years 
old, the child first menstruated and she has since continued to do so regularly 
Her bust became rounded and her bodily configuration was that of a girl 
beyond the ordinary age of puberty The growth of pubic hair also started 
Mentally, however, she was still a child, although not backward in school 
work She finds mental application rather difficult Her weight a year prior 
to admission was 98 pounds 



Figs 1 and 2 — Case 1 Patient, aged 11, height, 152 cm , weight, 52 3 kg 

Physical Examination — A very well nourished and decidedly overgrown 
girl (Figs 1 and 2) Height, 152 cm (average normal for female of 11 5 years, 
138 9 cm (Boas) Weight, 52 3 kg (average normal, 33 8 kg), skm soft, 
moist, and pigmented, general increase in the subcutaneous adipose laver, the 
body looking plump and abdomen full, head very large, especially full m the 
frontal region, and definitely asymmetrical, the whole temporal bone of the 
left side being much more prominent than its fellow, neck full m the legion 
of the thyroid and the isthmus of the gland palpable 

The breasts were very large and firm, areolae pink, the whole corresponding 
to the growth obtained at 15 or 16 j^ears of age, pubic hair fairly abundant, 
and axillary hair present to a slight degree, but hair over the body in general 
lacking , hair on the scalp fine, silk 3 ', and abundant The general contour 
of the bodv was that of a girl well past the age of puberty Examination of 
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the fundi showed unusually large disks On the left there was evidence of an 
old choroiditis with marked pigment upheaval and irregular shaped disk Both 
disks were markedly pale, suggesting a primary atrophy 

In other respects the general physical and neurological examinations were 
negative 

The Eoentgen-ray examination showed a hjdrocephalic skull with signs 
of pressure The sutures were plainly visible The sella turcica showed very 
definite enlargement, the anteroposterior diameter being about 20 mm The 
floor of the sella was more vertical than normal The dorsum sellac w’as 
short but distinct The clinoid processes could be made out The metacarpal 
bones and phalanges were long and slender T here was a shadow in the region 
of the pineal body, prtsumablj calcium deposit 

Urine negatue, blood pressure and hemoglobin normal, differential blood 
count showed 6 per cent eosinophils 

June 10 a callosal puncture was performed without altering her condition 
She v\as discharged Tunc 19, 1914 

Comnicut — In this case, we hav’c no positive means of knotvtng' 
whether or not the pineal is the organ mainl_v at fault The histor} 
and findings, however, aic suggestive, and conform to the s)'mptom 
complex of Frankl-Hochwnrt, except that the patient was a girl Adi- 
posity, though not great, was present to a definite degree, this, with the 
other points, making the case very similar to Iilai burg’s 

An increase in the eosinophilic leukocytes should be mentioned, 
as attention will be called to this point in connection with Case 3 

The following case was also regarded as possibly one of macro- 
genitosomia praecox 


Casf 2 — Surg No 119 Unusual precocity of adolescence and ovet growth 
Epilepsy Eiploiatojy operation 

Maj 17, 1913 Admission of Max W, aged 7Vs, referred by Dr T H 
George of Cleveland, Ohio, wutli the complaint of precocious adolescence and 
epilepsy 

Family Hisstoty — Father and mother were living and w'ell The father 
was of small stature There were tw'o other normal bo^s in the family 

Personal History — Birth normal and noninstrumental, weight at birth said 
to be 13 pounds It was remarked a few da>s later that his genitalia were 
noticeably large When 9 months old he had a bad fall down a flight of 
steps, but apparently suffered no immediate ill effects There was no serious 
illness other than the present trouble 

Growth was rapid, and the patient had ahvays been the tallest of his class 
in school Three teeth appeared at 3 months of age and the second set was 
complete at the age of 7 When 314 years old the voice had assumed adult 

Pubic and axillary hair w'ere first noticed at tw^o 3 ’^ears of age and increased 
steadily in amount Evidences of sexual instinct occurred at the age of 
and a half Masturbation was a continued feature The disposition had 


always been irritable and stubborn 

Present Illness —First evidence of epileptiform seizures occurred at the age 
of 3 years These attacks consisted in an initial, momentary grimace, with 
groaning, turning of head to right and temporary loss of consciousness Occa- 
sionally headache accompanied the seizures The duration of attacks was 
thirty seconds to three minutes They uncreased in frequency from the time 


of their onset until the present 
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Physical Examination — ^Although only TVs years old, the patient looked like 
a boy of 15 or 16 (Fig 3) , weight, 352 kg (average normal for age, 23 kg ) , 
height, 145 cm (average normal for age, 119 cm ) , circumference of head, 
53 cm , axillary hair present, abundant “down” on upper lip, pubic hair thick 
and of mature, masculine type, but did not extend up on abdomen, external 
genitalia markedly overdeveloped, m no way differing from those of an adult 
male, flaccid penis, 9 cm in length, thyroid cartilage prominent and thyroid 
^ gland distinctly palpable , teeth in good condition , second set fully established 
The fundi were slightly hypeiemic, marked nystagmus to the right, voice 
deep and masculine, blood and urine examinations normal 

Subsequent Notes — From three to six epileptiform attacks were noted 
daily, patient’s disposition troublesome and mischievous Dischaiged, 
untreated, May 30, 1913 



Fig 3 — Case 2 Patient, aged 7Vs, with father, height, 145 cm , weight, 
35 2 kg 

June 17, 1914 Readmission, symptoms increased, headache more frequent, 
seizures occurred oftener, weight, 394 kg , height, 145 cm 

Roentgen-ray examination of hands and feet showed development cor- 
responding to that at the age of 18 years, inner aspect of skull somewhat 
irregular, venous channels plainly visible, sella was 6 mm deep with antero- 
posterior diameter of 10 mm , clinoid processes distinct 

June 27, 1914 Operation puncture of right lateral ventricle, arachnoid 
\ery wet, membrane grayish and thickened, 20 cc fluid secured from punc- 
ture, fluid not under tension A small section of tissue was removed from 
testis for histological examination 
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Jul> 13, 1914 Second operation exploration of right hemisphere, dura 
appeared normal , brain under normal tension , arachnoid grayish and thickened 
especially anteriorly where it was excessively vascular By pricking the mem- 
brane a large amount of fluid was milked out The process was evidently an 
old meningo-enccphalitis with convolutional atrophy 

Subscquctii ATo/cj— Convalescence uneventful Convulsions continued, but 
not so frequent, no headache since operation Examination of section of testis 
showed active, adult t\pe with hipcrplasia of interstitial cells Discharged 
July 31, 1914 - 

Comment In tins instance we are as yet unable to say what part 
the pineal may or may not he playing in the syndrome Clinically, 
however, we are dealing with a symptom complex similar to that charac- 
terizing a pineal lesion, hut without adiposity The sexual side of the 
picture is decidedly in the foreground There has been little intellectual 
attainment, the latter sphere having been greatly limited by the boy’s 
environment 

In our third case the lesion was certified in full 

Case 3 — Surg No 709 Precocious adolescence Intracranial symptoms 
"iXnth diagnosis of tuberculous meningitis Xanthochronna Necropsy Pineal 
tumor 

Dec 22, 1913 Admission of S K B, aged 12, referred by Dr J B Pratt 
of Boston, with the complaint of nausea and vomiting, intermittent headaches, 
and blurring of vision of two months’ duration 

Family History — A jounger brother of the patient had died two years 
before, aged 5, from an “acute infection starting with a nasal discharge ’’ The 
patient’s father is a physician and he described this illness as “a meningeal 
complication after pneumonia ’’ 

Personal History — The patient had alvva>s enjoyed good health, never had 
any serious illness, but had been subject to rather severe asthmatic attacks 
with spasms of coughing and expectoration, but never any hemoptysis 

The most striking feature of the bo>’s past was his rapid development, both 
physical and mental He had always been athletic and very fond of outdoor 
sports, and excelled in competitions with other boys at school In June, 1912, 
he weighed 72 pounds, and in June, 1913, this had increased to 112 pounds 
(a gam of 40 pounds in one year) A year previously, or when he w'as 11 years 
old, his mother noticed that his voice was changing His mental development 
had been very noticeable, as exemplified by a more mature mental attitude 
shown by thoughtfulness and in other ways 

Present Illness — In September, 1913, he had left home for his boarding 
school in perfect physical condition October 14 he had an acute exacerbation 
of his bronchial asthma and four days later was taken home At this time he 
had a profuse, foul smelling, greenish nasal discharge This attack, which 
was accompanied by more or less frontal headache, lasted three weeks, and 
there was deafness in both ears which persisted for a few weeks 

October 21 the father was struck by the boy’s widely-dilated pupils and 
a strange, staring expression of his face Since then the pupils had been 
unequal, sometimes the right being larger and at other times the left 

Headache was present from the middle of October At the outset of the 
trouble there had been occasional attacks of nausea and vomiting and these 
increased in frequency up to the time of admission 

At times during November and December he complained of transient 
blurring of vision Two weeks before admission his fundi and visual fields 
were examined by a competent ophthalmologist and found to be normal 
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During the first ten days of December there was a definite polyuria — four 
quarts in twenty-four hours on one occasion Examination showed merely a 
low specific gravity sugar was never found A cranial roentgenogram was 
negative The blood showed 16 per cent of eosinophils 

For SIX weeks before admission his temperature was subnormal Vertigo 
was present during the previous week Two days before coming to the hospital 
there was the first indication of diplopia 

Physical Exatnahon — A lean, fine looking boy of 12 years, evidently large 
for Ins age, height, S ft 3 in , weight, 97 pounds — 17 pounds less than at the 
outset of the trouble, skin showed a brownish pigmentation or discoloration, 
possibly due to exposure to the sun, long bones noticeably large, especially at 
their lower ends, external genitalia overdeveloped for the age of the patient, 
pubic and axillary hair present, abundant “down” on face 

Neck slightly but definitely stiff, some occipital tenderness, Kernig’s sign 
markedly positive on both sides , slight conjunctivitis 

Neurological Left pupil larger than right, both react to light and accom- 
modation, diplopia present on looking to right, but not to left, movements 
of globes not well coordinated, fundi showed swelling of 214 D on right and 
114 D on left, marked venous engorgement and tortuosity with slight 
embedding of vessels at disk margins 

Tests for the other cranial nerves showed an impaired olfactory sense and 
a slight deviation of the tongue to the left 

The Romberg was suggestive, with a good deal of swaying from side to side, 
but the patient was weak and had been confined to bed for several weeks 
There was a tendency to stagger to the right when walking, and definite 
ataxia of left arm, as shown by finger tests 

Roentgen-ray examination of the head was negative, with normal sella, 
urine and stool examinations negative Repeated examinations of the sputum 
showed no acid-fast organisms , tuberculin and Wassermann reactions nega- 
tive, blood pressure and hemoglobin normal, differential white count showed 
9 per cent eosinophils 

Subsequent Notes — December 26, lumbar puncture and withdrawal of 40 c c 
of a straw colored, cloudy fluid The cell count showed 1,011 old, disintegrating, 
red cells (no fresh blood contamination) and eighty-five white cells per 
cmm , Fehling’s test positive, Noguchi test positive, no acid-fast organisms 
found 

December 27 Examination of the fundi showed elevation of 3 D right 
and 2Vz D left, faint linear hemoirhages noted, and venous engorgement 
more marked 

December 28 Von Pirquet reaction negative, attack of numbness of right 
hand, arm, and right side of body, accompanied by motor aphasia 

December 30 Temperature subnormal since December 23, Wassermann 
reaction of spinal fluid negative 

January 1 The patient remained in the hospital only ten days and during 
this time his condition did not change essentially He was discharged on 
this date The diagnosis was uncertain The possibility of tuberculous menin- 
gitis and brain tumor was discussed Decompression was advised and refused 
After his stay in the hospital the patient was removed to his home m the 
country where he became progressively worse and had occasional periods of 
deep somnolence He complained of no pain The Kernig remained positive 
Subsequent History — January 28 he complained of numbness of the right 
hand and had a right sided convulsion He remained practically comatose 
and was readmitted to the hospital, where an examination of the fundi showed 
an elevation of 5 to 6 D on both sides The rigidity of the neck was increased , 
reflexes not elicited at knee, ankle or elbow, plantar response questionable, 
persistent weakness of right and possibly both abducentes, a Kernig sign at 
90 degrees persisted 
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In order to dctciminc the presence or nhsetnee of hjdroccphalus, a diag- 
nostic ^cntncular puncture \\as performed under local anesthesia The needle 
was inserted to a depth of only 2Vs cm at Kochcr’s point and entered a dilated 
\entiJcular cavity Fifty' or 60 cc of yellowisli fluid, such as was previously 
remo\cd from tiie lumbar region, was withdrawn, examination of which showed 
561 old red cells pci cmin (no fresh blood), 17 lymphocytes, Fehling’s test 
positu e 

The patient sccmcfi to impio\c temporarily after the tapping, took nourish- 
ment and lespondcd to stimuli, but suddenly, three hours later, the respirations 
became shallow and he rapidly failed 

Comment — At the outset, the symptoms of headache, nausea and 
\omiting, ^ertlgo and blurred Msion, and the physical signs of choked 
disk and diplopia made one tliinlc at once of an intracranial new grow'lh 
This idea was furlliercd latci by the iight-sided convulsion, wdiich 
was followed by numbness of the right aim and leg, accompanied by 
aphasia The lapidly increasing elevation of the optic disks also made 
It especially haul to rule out hi am tumoi However, on careful exami- 
nation of all the evidence, other faclois appeared to play an even greater 
part in the syndiome and to cause the balance to sw'ing ovei to the 
diagnosis of a probable infectious process, possibly similar to that from 
which his brother had died 

Theie was the history of a chronic nasal catarrh with an acute 
exacerbation a few' weeks before the onset of the illness, followed by a 
transient deafness m both ears lasting two w'ceks Then the cervical 
rigidity, positive Kernig's sign, and a beginning conjunctivitis was sug- 
gestive Adding to this the peculiar character of the spinal fluid, its 
high count of mononuclear cells without any polymorphonuclear 
elements, and positive globulin and Fehling’s tests, it seemed likely that 
we had to deal w'lth a tuberculous meningitis The symptoms of gen- 
eral pressure were by no means against such a diagnosis, nor were the 
variable pupillary and other phenomena associated wnth the cranial 
nerves Tw'O points, how'ever, could not be overlooked in making a 
tuberculous lesion responsible for the condition, namely, the negative 
von Pirquet test and the negative examination of the lungs The 
report on guinea-pigs inoculated w'lth the patient’s spinal fluid was not 
available at the time of his first discharge Furthermore, no tubercle 
bacilli were found in smears of the spinal fluid or in the sputum 

In view of the necropsy findings, we must now consider a number 
of points which were not sufficiently noted in the presence of other 
symptoms which seemed to hold the forefront of the picture The boy 
was very perceptibly overgrown, a fact noted by Dr Pratt when 
referring him to the hospital At the age of 12 years he measured 
5 ft 3 in in height and two months before his illness weighed 114 
pounds A year previously his mother had noticed the change in voice 
to that of the adult masculine type His father, too, had recently noted 
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a more mature menial attitude of thought and action On examination 
the well developed, athletic figure was apparent The brownish pig- 
mentation of the skin was put down, at first, as due to exposure to the 
sun, but on more careful scrutiny the distribution of this coloring was 
not that usually seen in persons so exposed The external genitalia 
were fully developed and there was abundant pubic and axillary hair, 
as well as an adolescent beard on the chin These facts are of course 
very significant when one is acquainted with the intracranial post- 
mortem examination, but before death it was very easy to attribute the 
physical overdevelopment to the boy’s athletic natui e and participation 
in outdoor sports 



Fig 4 — Case 3 Median section of brain showing tumor of the pineal region 
with implantation in floor of third ventricle, also secondary ventricular 
dilatation 

In the words of Frankl-Iiochwart, “When one finds in a very young 
individual (boy), along with the general symptoms of tumor, as well as 
the local signs of a lesion of the corpora quadrigemina, abnormal body 
growth, unusual growth of hair, adiposity, somnolence, premature 
genital and sexual development, and finally intellectual maturity, one 
must think of pineal tumor ” We had before us a similar picture, 
obscured though it was by other factors 

One feature of the pineal syndrome was lacking, namely, the adi- 
posity which has been dwelt on by most writers on this subject In 
regard to this condition, which may be consequent on or associated with 
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distuibed functions of the pineal gland, there are, at present, three 
views first, that of Marburg, that obesity is one of the expressions of 
overfunctionmg of the gland, hyperpineahsm , second, the view held 
by other authois, namely, that it may be due to a pineal tumor sup- 
posedly causing a lessened functioning of the gland, hypopinealism , 
and third, the view that the adiposity is due to secondary changes in the 
hypophysis brought about by the pressure excited by internal hydro- 
cephalus (Cushing'^) 

So far, Marbuig’s case of so-called hyperpineahsm, with its accom- 
panying adiposit} , IS the only one atti ibuted to glandular overactivity, 
and, as Kidd says, 

E\cn absence of any rccogm7ablc histological changes in the pituitar> or 
other glands in such cases docs not exclude the possibilitj of associated dis- 
pituitarisin due to subtle metabolic or chemical changes of ^\hlch, at present, ^\e 
ha\c no knowledge Then again, adiposity occurs m so manj other conditions 
and Its modes of production arc still so obscure, that we must conclude, I 
think, that it is uncertain whether hjperpinealism in man c\er causes adiposit)' 
per se 

Of the sixty cases of pineal tumor collected by Bailey and Jelliffe” 
m 1911, fourteen arc recorded as being associated with adiposity to a 
greater oi less degree ]\Iarburg’s case is included m this series The 
hypophysis W'as examined in very few' of these cases, so it cannot, as 
the authors state, be showm by statistics w hat relation this organ may 
have borne to the syndrome There is in all cases, how'cver, a marked 
degree of internal hydrocephalus, and this factor may w'ell disturb the 
functioning of the pituitary e\en though the cells of the latter remain 
histologically normal 

Xanthochromia — Mention has been made of the peculiar color and 
characteristics of the spinal fluid in the case under consideration, 
obtained both by lumbar puncture and by tapping of the lateral ven- 
tricle Such a condition of the cerebrospinal fluid has been termed 
xanthochromia and is usually associated w'lth an increase in the cellulai 
and albuminous elements of the fluid, particularly fibrinogen, these 
substances causing the production of the so-called “massive coagula- 
tion ” Several cases shownng this condition were collected by Froin*^ 
in 1903, and since then a number of others have been reported 

A lesion which causes a constriction or compression of the meninges 
around the cord, thus making the subarachnoid space in the lumbar 
region a closed cavity is likely to produce such a condition of the fluid 
Such lesions have been associated with meningomyelitis, tuberculous 
meningitis, Landry’s paralysis, tumors of the cord, and, rarely, cerebro- 
spinal lues 

Into a closed cavity of this sort the elements necessary to the pro- 
duction of “massive coagulation and xanthochromia could come in 
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two ways, (1) by transudation or (2) by capillary hemorrhage The 
exudative lesions like myelitis and meningitis easily account for the 
products accumulated through transudation, and this process is no 
doubt the most usual one The origin of the capillary hemorrhages is 
not so clear, but m the few cases reported they have been associated 
with tumor of the cord 

In view of these facts, Mestrezat^® concludes that the physical and 
chemical properties of the cerebrospinal fluid, together with the clinical 
and necropsy findings, demonstrate the reality of a closed cavity and the 
existence of stasis of the fluid as necessary to the production of the 
syndrome 

In cases of xanthochromia previously reported, the fluid has always 
been obtained by lumbar puncture In our patient, the fluid taken from 
the ventricle was identical with that previously procured from the 
lumbar region Its color and cellular content corresponded with the 
other cases reported Massive coagulation, however, did not exist, 
although albumin was present to a definite degree, as shown by the 
Noguchi test 

Many tumors which grow into the ventricles are accompanied by 
xanthochromia due, doubtless, to the escape of blood cells from the 
surface of the tumor into the fluid We have seen a number of exam- 
ples in this clinic 

PATHOLOGY 

A study of the diseases to which the pineal body is subject has been 
confined almost exclusively to the different varieties of tumors which 
have been found to arise either from the gland itself or from those 
structures which he in its immediate neighborhood and therefore involve 
the pineal secondarily Very rarely conditions other than tumor have 
been mentioned m connection with pineal pathology, but these play an 
inconspicuous and perhaps dubious part m this chapter of the study of 
the gland 

Cysts seem to be the most common and earliest recognized of the 
tumors of the pineal, a “hydrops cysticus” of this organ having been 
described by Virchow^^ in 1863 Marburg in 1909*° gave an excellent 
description of the types of pineal cysts These he divides into two 
classes (1) involution, formed by the degeneration of areas of pineal 
substance due to sclerosis of the blood vessels, and (2) retention, 
arising from the “recessus pmealis,” and lined by ependyma, by which 
they are distinguished from the involution type 

Next in point of frequency come the teratoms, for a classical 
description of which all authors refer back to Weigert’s article'® of 
1875 In brief, the mam facts which have been assembled regarding 
this type of pineal tumor are as follows They occur almost exclusively 
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ni childien, Neumann’s patient of 27 being the only exception All 
others were under 15 years of age The tumor occurs always in the 
anterioi poition of tlic pineal, and this fact has led some authors, 
notably Askana/y,^ to ascribe their origin to the anlagc of the parietal 
eye of the lower icrlebrates Marburg confirms this theory by his 
discoveiy of the remains of the “nervtis parictalis and ganglion 
parietale” m the most anterior part of the pineal in the neighborhood of 
the taenia habenulae The elements contained in these tumors are the 
usual ones found in the teratomas of other organs, namely, hair, car- 
tilage, sebaceous glands, smooth muscle fibers, fatty tissue and occa- 



Fig 5 — Showing character of cell masses (Mag X 250) 


sionally axis cylinders The cases of teratoma on record are those 
described by Weigert, Coats,^° Falkson,^® Ogle“^ (two cases), 
Gauderer,"® Gutzeit,^® P Neumann, Hueter,'’* Frankl-Hocbwart,^® and 
Bailey and Jelliffe “ 

A great deal of discussion arises as to Avhether or not the other 
recorded types of tumor are distinct enough to be classified separately 
Marburg groups all tumors of the pineal other than c^'^sts and teratomas 
into a general class of “mixed tumors,” and there is undoubtedly much 
to be said m behalf of this method From a general survey of the cases 
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described, however, it seems probable that four other fairly distinct 
varieties may be recognized, namely, (1) gliomas (in the cases of 
Duffin,^® Schultz,®® Lawrence,®® Nothnagel’s second case,®^ and 
Raymond and Claude®^) , (2) sarcomas (Gowers,®® Kny,®® M 
Neumann’s second case, Nothnagel’s first case, Pontoppidan,®® 
Feilschenfeld,^^ and Hosshn®®) , (3) carcinomas (Massot,^® Daly,^® 
Forster,^® and HempeP®) , (4) psammoma (Friedreich,®® Blanquinque® 
and possibly Wernicke®®) From a histological standpoint there is no 
reason why pure tumors of these four distinct types should not arise 
from the pineal The four types of mother cells which produce them 



Fig 6 — Showing character of cells with irregular chromatin and nuclear 
figures (Mag X 1,000) 

are a constant anatomical element of the gland, and there is no basis 
for questioning the pathological diagnoses made, at least by the later 
authors 

That there is, however, a large class of pineal tumors which cannot 
be put down as conforming on the whole to any one specific type, is 
likewise true For the present, therefore, it would seem best to follow 
Marburg and assemble these under the heading of “mixed tumors ” 
In this group possibly belong the angiosarcoma of Hart,®" the gho- 
sarcomas of Hon ell’s three cases,®® and that of Zenner,®® the neuro- 
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glioma of M Neumann’s first case/® the psammosarcomas of Konig/' 
and Oestreich and Slawyk /« the chorio-epithchomas of Askanazy^ and 
of Goldzeihei the unclassified tumors of Blane/ Schmidt/' 
Schearer/® and Schmid Z® and the “mixed tumors” or Marburg and of 
Pappenheimer Possibly we should put the adenoma described by 
Me)er/‘ and the epithelioma described b}' Esteves and Beatti’^® in this 
larger class also 

lurning now to the extremely rare instances of disease of the 
pineal, other than tumors, mc find hemorrhage described twice 
(Simon/® Zeigler®®) , abscess once (Birsch-Hirschfeld, quoted by Mar- 
^^urg) , and syphilis once (Lord®®) , while Pontoppidan was unable to 
make an exact diagnosis in his case betu een syphilis and sarcoma 

Pathological Rcpoit — The postmortem studies in oui own case are 
as follo\\s An examination of the head only was permitted after 
death This limited necropsy was performed by Professor Councilman 
fi\c hours later His description of the findings is as follows 

The brain has been rcmo\ccl and bisected longitudinall> (Fig 4) The 
^entncIcs arc dilated In the posterior half of the lateral ventricle, m the 
region between the tail of the corpus callosum w'htch is elevated, and the 
medulla, in the region of the pineal gland, there is a tumor mass 5 cm long, 
extending from the anterior edge of the cerebellum to within 4 mm of the 
fornix, for a distance of 4 0 cm Between the medulla and the corpus callosum 
the tumor measures 2 5 cm In the center of the tumor mass is a large blood 
clot The tumor seems to be composed of a soft ter> much congested material, 
probably in part hemorrhage It is adherent to the structures below’ it In the 
floor of the grcatlj dilated third scntncle, which measures 2 5 cm antero- 
postcnorlj, there is a similar mass of tumor tissue, 2 by 2 cm, in no way 
connected with the primary tumor tissue This is evidently an intraventricular 
implantation of the primary tumor 

Alicroscopical ZiianiinaMoii — ^Various parts of the tumor and its ventricular 
implantation show essentially the same structure It is composed (Figs 5 
and 6) of loosely placed cells of an epithelial character without any very- 
definite arrangement They have large nuclei and a small amount of pale 
cytoplasm There is no definite stroma Between the cell masses, in places there 
IS abundant hemorrhage, and in others great numbers of cells of the lymphoid 
ty’pe The appearance resembles the cellular tumors of the hypophysis, in the 
nuclei are large amounts of chromatin and granules At one place, taken from 
the lower aspect of the tumor, there is a small amount of adherent choroid 
plexus which shows very slight reactive new growth The implanted fragment 
of the tumor shows some invasion of the pituitary body by the growth (Fig 7) 
Degenerative processes in the tumor are common, there being comparatively 
large areas composed of necrotic cells Various cell types other than the usual 
are encountered, around them are giant cells with peripheral nuclei with 
division figures, of normal type, in the single nuclei Nuclear figures in small 
numbers are found in nearly every cell Most of the epithelial cells of the 
tumor take the hematoxylin stains very intensively , they all seem to be of 
about the same type There are no concretions in the tissue 

Diagnosis Struma of the pineal gland 

Comment — The tumor mass on the surface of the third ventricle 
IS not to be regarded as a metastasis, but as a surface implantation 
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due to single cells or portions of the tumor which, having become 
detached, have formed a junction with the surface of the ventricle, the 
extension here being of the same character as the tumor implantations 
which only occur on the peritoneal surface 

That the tumor was one of very rapid growth is shown by the 
many nuclear figures and evidences of indirect division, and yet there 
was no tendency to invasion except m the case of the hypophysis 
(Fig 7) The character of the cells here corresponded to that noted 
elsewhere, but the supporting stroma was more evident, owing to the 



Fig 7 — Showing invasion of anterior lobe of the pituitar}" body by tumor 
(Mag X 250) 

difference m structure of the tissue invaded, and the resulting appear- 
ance was more like that of a carcinoma 

A striking feature of the tumor as a whole was the great number 
of lymphoid cells it contained These were present both m large 
masses grouped together, and also as scattered elements throughout the 
growth without definite arrangement This enormous development of 
lymphoid tissue m a patient 12 years of age brings out the possibility 
of associated lesions elsewhere in the body, especially m connection 



042 niL ARCHIVES OP INTERNAL MEDICINE 

with the thymus and Ijmph glands The limited necropsy prevented 
studies of these tissues 

The question whethei such a tumor repiesents an overfunctioning 
or an undcrfunctioning of the gland cannot be decided definitely on the 
basis of the anatomical findings The structuic corresponded in many 
respects to the difiuse struma often seen in the pituitary and which 
usually accompanies states of pituitary insufficiency It is difficult 
to tell fiom the histological appearance alone of a ductless gland 
whether oi not this is functionally o\eracti\c or undcractive, though 
in the case of the thyroid we assume that we can do so, and possibly 
we may also in the pituitary gland If this particular struma of the 
pineal which we are considering represents functionally overactive 
<.clls, the s} mptoms w ould be explained as Marburg has explained them 
on the basis of hypeipincahsm, and the experimental feeding observa- 
tions by Dana and iMcCoid might be interpreted as lending support to 
such a view Tw’O points, howc\cr, render such a view improbable 
In the first place, the cells show an exticmc rapidity of growdh, indicat- 
ing an actu c formative faculty wdiich is usually associated wuth a loss 
of specific function Further, the cytoplasm of the cells contains no 
demonstrable granules, and these are usuall) regarded as representing 
functional actu it} 

It IS our impression, from what wc hnow of the physiology of the 
normal gland, as w'ell as from the results of Foa’s and our owm experi- 
mental observations, that sexual ripening occurs w hen the pineal ceases 
to be functionally active, or w hen it is reinoi ed, and on this basis w'e 
incline to the belief that the tiimoi m most of these clinical cases is 
associated wnth an inhibition of the normal products of pineal secretion 
If this w'ere really the case, how'cver, one would suppose that glandular 
feeding w'ould postpone adolescence, but fioni the observations of 
Dana and McCord the reverse seems to occur Our own studies in this 
direction wnth the feeding of young guinea-pigs and rats w^ere not con- 
clusive and it is a matter wdneh deserves further study 

SUMMARY 

1 Extirpation of the pineal in young chickens and low^er animals 
tends to hasten normal maturity 

2 Tumors of the pineal gland in children occurring before the 
age of puberty usually give rise to a syndrome characterized by pre- 
cocious adolescence 

3 Feeding the gland substance to young animals is said to have 
the same effect as extirpation, but the observations are somewhat 
inconclusive 
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4 A report of three cases of supposed pineal tumor, one of which 
was certified by necropsy, is offered as a further contiibution to the 
study of this gland 

I take this opportunity of expressing to Dr Harvey Cushing my deep 
gratitude for the help, both by suggestion and inspiration, with which he has 
guided this work, and for his kind permission to publish the cases from his 
clinic I also wish to thank Dr W T Councilman for his advice and coopera- 
tion concerning the pathological features of the paper 
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THE ADJUSTMENT OF PRESSURES IN INDUCED 

PNEUMOTHORAX 

wirii EspnciM. REG\Rr) to the mouiuiy or the mediastinum as 

INDICATED nv THE MANOMETER 
C D PARFITT, ^[D 

CRAVl NHURST, ONT 

During the treatment of phthisis by compression of the lung, there 
IS need of exercising a nice judgment regarding the degree of pressure 
tliat should be maintained throughout a long series of injections Oui 
experience is that the displacement of the mediastinum is of first 
importance in the adjustment of pressure at any time, and our purpose 
IS to show how this may be estimated wnth fair accuracy by the aid 
of the inanomcler and without the help of the Roentgen ray when the 
lesult of physical examination is uncertain 

The fiist consideration is to obtain a satisfaclor}’’ collapse of the 
diseased lung, but wdnlc one is trying to effect this a compromise in 
the pressure desired may have to be made foi the safety of the less 
diseased lung and of the heart Cases in wdnch collapse of the lung 
takes place easily seem rarely to sufTcr strain to either organ if the 
collapse is gradually induced, and these arc the cases in wdiich the 
mediastinum wnll usually be found movable 

The cases in wdiich collapse of the lung is more difficult, unless this 
difficulty is due solely to an induration of the lung, will, because of 
thickening of the pleura and adhesions, have a much less easily dis- 
placed mediastinum This relative rigidity of the mediastinum then 
becomes a gieat protection to the \eiy cases that require considerable 
pressure to reduce the size of the lung W ith lateral adhesions m the 
upper part of the thorax, a marked displacement of the mediastinum 
may nevertheless take place 

The eflect that the extra wmrk wall have on the functionating lung 
is a source of continual anxiety The beneficial influences, which 
according to accepted theories account for ils improvement, may be 
sufficient to arrest progress of disease or render it quiescent , but during 
the long course of treatment indolent progress may be noted after 
earlier marked improvement This lung becomes enlarged, emphyse- 
matous and elongated Lord^ considers the arguments in favor of the 

■*' Submitted for publication, Feb 16, 1916 
Read by title at the Thirty-Second Annual Meeting of the American 
Climatological and Clinical Association, San Francisco, June 18, 1915 

1 Lord Diseases of Bronchi, Lungs and Pleura, 1915, p 584 
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beneficial influence of the overwork of the beitter lung as invalid 
Aron^ sees little chance for healing of disease in the better lung because 
of its greater respiratory movement and finds it impossible to imagine 
that the better lung can heal under such conditions There is such 
danger to a diseased lung from the greater excursion that he urges 
that on no account should compression be pushed so far that breathing 
IS stopped entirely in the compressed lung The type of respiration 
becomes modified as is best suited to the need of the individual at 
any one time (Brown^) and Aron^ finds in man that the untreated 
lung breathes with increasing depth the more the treated lung is 
excluded from respiration, as is shown by greater fluctuations of a 
manometer connected with the pleural cavity of the functionating lung 
Aron’s^ experiments on animals show the concurrent changes of pres- 
sure m the pleura of the functionating side while one lung is gradually 
excluded from respiration After a mean pressure of zero has been 
leached the depth of respiration which, following an initial increase, 
has steadily lessened and has been compensated by increased frequency 
of respiration, promptly increases with lessened frequency of breathing, 
and at the same time there is a very marked rise in blood pressure 
The lessening depth of respiration of the functionating lung is shown 
111 the pleural cavity by the negative pressure’s becoming less marked 
on inspiration and more marked on expiration, thus showing a 
decreased amplitude 

There may be embarrassment to the circulation with either fixed 
or movable mediastinum, since, on the one hand, rigidity may cause 
pressure to be brought to bear on the heart, vessels and nerves, and, 
on the other hand, flexibility will permit varying tension, kinking, 
strain and pressure as well 

The right heart, besides the handicap of diminished vascular area 
111 the collapsed or compressed lung and the loss in part of the pump 
action of the thorax, has to undertake the maintenance of an increased 
circulation m the functionating lung, and is further embarrassed by 
more or less lateral displacement (sometimes with a twist on either 
vertical or horizontal axis or both), and the pressure of the relatively 
unyielding gas cavity Moreover, the heart is the first to feel the effect 
of diminished oxygenation, and the general need of oxygen also causes 
a rise m pressure m the systemic circulation Pressure or strain on 
nerves may also affect the innervation The fact that the right heart 
hj^pertrophies in man as well as in animal experiments, has been shown 
at necropsy , but it has also been shown that it sometimes fails to do so 
Improvement in the heart’s action through lessened toxemia and 

2 Aron Berl khn Wclinschr, 1913 L. 305 

3 Brown, T R Modern Medicine, Osier and McCrae, 1907, in 549 

4 Aron V irchow s Arch f path Anat , 1896, cxlv 
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improved general condition more than make up for these embarrass- 
ments in favorable cases The heart also may benefit by being enabled 
to return to a more normal position after pre\ious great displacement 
due to a contracted lung 

As to a satisfactory collapse of the diseased lung, various writers 
set difTerent ideals of attainment, though all aim at the exclusion, if 
possible, of the treated lung from respiration Saugman and Hansen,^ 
while approving Foralnini’s objectne of compression as a curative 
measure, "were able to obtain complete compression in only 15 per cent 
of their cases On the other hand, Dunham and Rockhill,® using the 
operation as a palhatue measure and controlling their work with the 
Roentgen ray, found that refilling should be frequent and the gas 
pressure slight, the amount of gas injected being just sufficient to keep 
the lung collapsed and no more, a rero inspirator}'^ pressure being more 
than enough Brauer and Spongier" emphasize the general rule that 
the better and larger the pneumothorax obtained the less need be the 
pressure, and they consider the object of the operation has been reached 
as soon as there is no negative inspirator)^ pressure When the lung is 
not too dense, a pressure of 2 to 4 cm of w^ater is considered by various 
winters to be sufficient to keep the lung compressed if there are no 
adhesions This piessure, if well borne, may be increased to 7 to 8 cm 
If adhesions remain, possibly 40 cm may be necessary (Risf*) Saug- 
man has maintained a pressure of 20 to 30 cm of water for months, 
but has never exceeded 8 cm of mercury (108 8 cm H_0). wdiile 
Brauer’s limit has been 4 5 cm I-Ig Davies® considers it useless to 
persevere in the separation of adhesions w'hcn a pressure greater than 
1 cm Hg (13 6 cm HoO) is necessary 

Exclusion of the lung from respiration becomes from the stand- 
point of practice, a relative matter, since the frequency of refills neces- 
sary to maintain a consistent pressure is scarcely practicable, and in 
the intervals considerable reexpansion may take place When the 
pneumothorax is established, an optimum point of pressure is usually 
found for each individual, determined for him mainly by the degree of 
tension the mediastinum will bear 

It has been shown by experiment that those animals bear pneumo- 
thorax best in wdnch the elasticity of the mediastinum best resists dis- 
placement (Bruns^®) The mediastinum is strengthened also by the 
deposit of fat Man is fortunate in having a mediastinum with fair 
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elastic tension because of the relatively small distance between the 
heart and the sternum However, at the site of the atrophied thymus 
there is a weak area which extends from the second to the fourth 
cartilage and may be 3 or 4 cm deep, filled with loose connective tissue 
and fat Another area where the pleura of the right side is relatively 
unsupported lies between the aorta and esophagus between the fifth 
and twelfth vertebrae (Nitsch^^) At these situations the pleurae are 
capable of further distention after a certain pressure, which first causes 
a general displacement of the mediastinum, has been passed There 
are apparently great individual differences m the resistance of the 
pleurae to pressure A healthy pleura will bear a considerable positive 
pressure from inflation without causing dyspnea A recently inflamed 
pleura becomes relaxed and yields more readily to pressure than the 
normal pleura, while more chronic mtrathoracic inflammation and 
thickening increase the resistance Pressure is found to be borne with 
less dyspnea when the pleura is thickened than when it is thin This 
may be seen in pleural effusion, which, when recent and with a lower 
pressure, produces greater dyspnea than when the pleura is thickened 
and the pressure is higher 

For determining the pressure that will be the best compromise for 
the individual case, it is, therefore, important to take into consideiation 
the degree of movabihty or rigidity of the mediastinum The index of 
this IS the position of the heart which it may or may not be possible 
to locate accurately by physical examination The Roentgen ray is 
not always available, or it may be impossible to use it at every seance , 
but without changing the position of the patient the manometer gives 
information as to mediastinal displacement which serves as a guide at 
every refill Naturally, information will be incomplete during the 
earlier inflations, at least until the zero point has been approached 

Von Muralt,^“ and Hamman and Sloan, also, state that the man- 
ometer may indicate a too movable or too rigid mediastinum Their 
views, however, are completely at variance Von Muralt says that 
other things being equal, a flexible mediastinum is shown by a rapid 
rise in pressure with a small respirator}'^ movement of the fluid in the 
manometer, a rigid mediastinum by a slow rise in pressure with large 
respiratory movement of the fluid Hamman and Sloan hold that a 
slow increase in pressure with wide respiratory variation, indicates a 
flexible mediastinum, a rapid increase in pressure with small respira- 
tory ^ ariations, a rigid mediastinum 

11 Jslitsch Beitr z Khn d Tuberk , 1911, xmh, 359 

12 Von Muralt Beitr z Klin d Tuberk, 1911, xviii, 359 

13 Hamman and Sloan Bull Johns Hopkins Hosp , 1913, xxi\, 53 
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Contrary to these ^\nters we^^ have found that a flexible medi- 
astinum IS sho\\n by a slou rise in pressure with relatively small ampli- 
tude of movement of the fluid m the manometer on breathing, and a 
rigid mediastinum by a more rapid rise m pressure with relatively 
large amplitude The slow rise m pressure when the mediastinum is 
unduly flexible is so obiious that it seems probable that \on Muralt 
has not coi rectly stated his position In his paper some ambiguity of 
the context suggests that this is so Moreo\ er, with a flexible mediasti- 
num there arc ficqucntly to be noticed certain rclatnely stationar}’- 
points at which there is no further rise of pressure after one, or even 
tvo, deciliters of gas have been introduced These points are most 
frequently noticed vhen the mean pressure is near rero The oscilla- 
tions are also sluggish ^\hen the mediastinum is mo\able When the 
mediastinum is more ngid the stationar}' points arc not in evidence 
and the movement of the fluid in the manometer is more abrupt These 
obserxations, recorded in an earlier paper, arc in accord with the fol- 
lowing theoretical considerations 

The position of the mediastinum at any time is accepted as one of 
equipoise bctw^ccn ^a^3’Ing tensions of the two pleural cavities, the 
resultants of se\eral factors, chiefly the elasticities of the lungs 
(West^°) When the tension of one pleural cavity is lessened “the 
heart, the most delicate index of a change of tension on either side,” 
w'lll move tow^ards the side on wdiicli the intrapleural tension is greater, 

1 e , on wdiich the negative pressure is more marked, ‘“pushed in 
that direction b)”^ a force equal to the diftcrences of those m the tw^o 
pleural cavities” (Emerson^®) In expiration, wnth a general relaxation 
of the thoracic wall and diaphragm, this position of equilibrium of the 
mediastinum necessarily exists, and during quiet respiration the same 
condition obtains, since the central tendon of the diaphragm does not 
stir During more active inspiratory movement, how^ever, modifying 
forces come into play so that the position of the mediastinum becomes 
a resultant of the antagonistic intrapleural tensions and the tension 
put on the mediastinum by the combined influence of the descent of 
the diaphragm and deepening of the thorax The entrance of gas into 
one pleural cavity wall, how^ever, relax the diaphragm on that side 
and Its dome will become lowered This permits the mediastinum 
to yield itself the more readily to satisfy the variable tensions of the 
two pleural cavities Irrespective of prevailing intrapleural tensions, 
inspiration will have the effect of flattening the curv'^es, so to speak, 
of the irregular mass forming the mediastinum This would even be 


14 ParJitt and Crombie Canad Med Assn Jour , 1915, v, 373, 489 

15 West Intrapleural Tension, System of Medicine, Allbutt and Rolleston, 
109, V 

16 Emerson Johns Hopkins Hosp Rep, 1903, xi 
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the case m an open elastic cage with bulging central partition if the 
anteroposterior and vertical diameters were enlarged This stretching 
with flattening of the bulge of the mediastinum on inspiration becomes 
of great importance m open pneumothorax as an aid to the respiration 
of the sound lung, as pointed out by Sehrwald Thereby a greater 
intrapleural tension is created on the sound side which is a necessary 
factor for its increased respiration 

The differences of tension between the pleural cavities while a 
closed pneumothorax is being induced is shown m the tables of 
Aron’s^ experiments Though these were obtained in animals, 
analogous results would be expected in man As might be anticipated, 
the actual differences in tension between the two cavities at each phase 
of respiration shows a constant increase in tension in favor of the 



Figs 1 and 2 — Fig 1 Full inspiration (Case 1) Fig 2 Full expiration 
(Case 1) Movable mediastinum, roentgenograms of chest taken the third day 
after the refill of April 3, 1915 (see Fig 3) 


pleural cavity of the functionating lung Except for a very short time 
early in the operation, this difference of tension is much greater on 
inspiration If relative intrapleural tension alone adjusts the position 
of the mediastinum, it would at first sight seem that the mediastinum 
should move toward the sound side on inspiration and away from it on 
expiration That the reverse movement obtains is shown by the fluoro- 
scope and roentgenogram (Figs 1 and 2), and on inspiration the 
mediastinum is seen to move toward the pneumothorax cavity and 
away from it on expiration The degree of this movement will neces- 
sarily depend on the relatve mobility of the mediastinum If flexible, 
the movement is much more marked when there is considerable gas in 
the cavity than when it is relativelj’’ empty In the latter instance a 
more normal condition is approached, since the diaphragm is less 

17 Sehrwald Deutsch med Wchnschr , Aug 22, 1889 , quoted by Emer- 
son Note 16 
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iclaxcd, the nitraplcnial tension is increased and there is less necessity 
for a leadjiistment of the position of the mediastinum The explana- 
tion of the mo^ enient of the mediastinum toward the pneumothorax 
cavity gnen by Biltorf,^® and Saugman and Hansen,” also, is that the 
inspiiatory increase of tension m the pneumothorax cavity causes the 
iiiediaslinum to mo\e toward that cavity Because of the expeiiments 
just mentioned this explanation demands consideration, since there is a 
relatnel) greatei tension on inspiration m the pleural cavity of the 
functionating lung The enlarged thorax on expiration will, however, 
cause a shift of the mediastinum to the pneumothorax side through the 
alteied mtrathoracic pressure, modified, of course, by the restraining 
opposed tension of the sound pleural cavuly The values of the pres- 
sures recorded in the pleural cav ity of the functionating side must be 
accepted with some reservation since on this side the force of cohesion 
IS practically unimpaired and this force, according to Brauer^® and 
Roth,-” abolishes the negative pressure which becomes a fact only 
after a pneumothorax has arisen 

The mediastinum, then, in an artificial pneumothorax, plays an 
active pait on inspiration, and a passwe part on expiration, vv'hen its 
position is determined by the opposing intrapleural tensions 

Therefore, when the mediastinum is movable the inspiratory 
enlargement of the thoracic space on the side of the pneumothorax will 
be reduced by the encroachment of the mediastinum on it, which is 
made possible by the inrush of an into the untreated lung, and this 
yielding of the inner wall of the cavuty will in part neutralize the 
increased mtrathoracic tension on the treated side At the same time 
the partiallj collapsed lung will hav'^e occasion to expand less than if the 
inner wall were moie rigid, and with the force of cohesion lost it is not 
m such good condition to expand as is the functionating lung Because 
of Its greater elasticity, the functionating lung will also yield more 
readily on expiration than will the partially collapsed lung, the medi- 
astinum will move to that side and room will so be found for the gas 
cavity which will have its tension somewhat increased and pressure 
reduced by the greater tension of the sound pleura transmitted to it 
With the effect of inspiration and expiration on the gas in the 
pleural cavity partially neutralized by this swaying of the medias- 
tinum, the pressures registered in the manometer will be less than if 
the full force of the expansion and contraction of the chest wall had 
obtained and the amplitude of mov^ement of the fluid will consequently 
be less (Note the especially small amplitude m Fig 3 ) 


18 Bittorf 
- 19 Brauer 
20 Roth 


Munchen med Wchnschr , June 7, 1910, No 23, p 1218 
Beitr z path Anat u z allg Path, 1905, Seventh Sup, p 762 
Beitr z Khn d Tuberk, 1905, iv, 437 
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When the mediastinum is rigid it will take less advantage of the 
lelaxation of the diaphragm on the introduction of gas to yield to the 
opposing intrapleural tensions On inspiration it will be but little modi- 
fied in form, and will not, therefore, neutralize the effect of the enlarge- 
ment of the pneumothorax cavity by the enlargement of the chest wall 
and the descent of the diaphragm The respiratory movement will 
then more markedly influence the expansion of the collapsed lung, but 
simultaneously there will be more marked inspiratory and expiratory 
pressures recorded by the manometer The amplitude will consequently 
be greater (contrast amplitude of B with C and D, Fig 4) The ampli- 
tude in either case is, however, subject to modification m degree 
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Fig 3 — Case 1 Movable mediastinum (see Figs 1 and 2) In this and the 
following figures amplitude is shown by length of line, the shorter lines quiet, 
the longer lines, deep breathing Inspiration, the lower end, expiration the 
upper end The circle on the amplitude line shows the mean pressure -f- sig- 
nifies that the level of the fluid is maintained when the breath is held The arrow 
shows the phenomenon of rise of pressure at the end of inspiration A, sixth 
refill, Aug 12, 1914 Interval twenty-four days Bore of needle 0 018 inch 
Heart’s impulse was originally 11 cm to left of midsternal line, after refill, 
hyperresonance 5 cm to right B, seventeenth refill. May 27, 1915 Interval 
twenty-seven days Same needle Before refill, heart’s impulse 12 5 cm to 
left, after refill, dulness cannot be defined C, fifteenth refill, April 3, 1915 
Interval twenty-nine da>s Same needle Roentgenograms taken after this 
refill Before refill, heart’s impulse 7 cm to left of midsternal line, after refill, 
dulness 7 cm to right in fourth intercostal space D, same refill Large needle, 
bore, 0 042 inch, reading simultaneous with that of C 
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because cf varied conditions of breathing \\liich best suit the patient’s 
need at the moment Emerson'® has shown that the chest may assume 
different si/es on the introduction of fluid while the intrathoracic ten- 
sion remains approximately the same, and that the respiratory oscilla- 
tions arc not m direct proportion to the respiratory moAcments, the 
efficiercy of aaIucIi bears an inverse relation to the degree of distention 
In cither case, also, the pressures will be modified by the degree of 
expansion of the treated lung and some confusion in interpretation 
ma} be caused As pointed out by Hamman and Sloan,'® a reexpanded 
lung IS shown bj a very gradual ri^e in pressure on introducing each 
deciliter of ga*;, while a lung that remains collapsed is shoAvn by a 



iootf 700 CC ujoci UCOff 


Fig 4 — Case 2 Mo\ablc mediastinum becoming fixed A, second refill, 
Sept 23, 1914 Interval two days Bore of needle, 0 035 inch Heart’s impulse 
displaced 3 cm to left by refill B, seventh refill Dec 8, 1914 Interval tv\enty- 
one days Bore of needle, 0018 inch Heart’s dulness displaced 5 cm to left 
by refill, hyperresonance 3 cm to left of midsternal line after refill C, ninth 
refill, Jan 30, 1915 Interval twenty days Same needle Heart’s dulness 
before and after refill fixed at 2 5 cm from position noted beford beginning 
of pneumothorax D, thirteenth refill. May 11, 1915 Interval twenty-eight days 
Same needle Heart’s dulness fixed 

slow rise at first and then a v'^ery sudden and marked rise The sta- 
tionary points already mentioned, at which the pressure fails to rise 
following the introduction of one or two consecutive deciliters of gas 
help, we think, to distinguish such conditions (See A, C, D, Fig 3, 
and A and B, Fig 4) They are points of emphasis in the curve char- 
















C D PARFITT 


655 


actenstic of the slow rise of pressure found when the mediastinum is 
movable They may perhaps be explained by a somewhat irregular and 
momentarily more marked satisfaction of the elasticity of the function- 
atmg lung, the gradual satisfaction of which mainly accounts for the 
relatively slow rise in pressure, made possible by the further yielding 
of the mediastinum, partly the result of the continued relaxation of the 
diaphragm, rather than by an enlargement of the pleural space caused 
by the irregular enlargement of the thoracic wall, or than by an irregu- 
lar collapse of the treated lung We may surmise that the weak areas 
described by Nitsch play some part m their causation, as it is not 
unusual for hyperresonance to extend markedly to either side of the 
sternum even without a positive intrapleural pressure High levels of 
the stationary points which may have been caused by bulging of such 
weak areas, were found in a case of very large pneumothorax with 
extreme movability of the mediastinum At any rate, stationary points 
are found in consecutive refills to be more or less constant at some 
one, or at several levels in the pressure curves m cases m which the 
mediastinum is readily displaced, and are not found in those in which 
it is relatively fixed (Figs 3 and 4) 

The pressures for deep respiration, taken both at the beginning and 
the end of the refill, give information which is also suggestive and point 
to either condition, although the risk of rupture of the lung makes 
such deep breathing a dangerous experiment With flexible mediasti- 
num the amplitude for deep respiration is not disproportionate to that 
for quiet respiration (Figs 3 and 4A) and is about the same at the end 
of the refill as at the beginnng The incompletely collapsed lung no 
doubt plays a material part here as well as the yielding midwall With 
rigid mediastinum, and especially if the rigidity of the pneumothorax 
wall IS, so to speak, increased by a lung which does not readily reex- 
pand, the amplitude may be quite disproportionate to that for quiet 
respiration, and extreme (Fig 4) both at the beginning and at the end 
of the refill There may also be material differences m the amplitude 
before and after the inflation depending on the recompression of the 
lung and on the muscular power that is brought to bear When a rigid 
mediastinum obtains and the amplitude for forced respiration is rela- 
tively small, it is probable that there is considerable lung excursion 
vhich compensates the respiratory movements 

Needles of relatively small bore are, we think, better adapted for 
the estimation of varying amplitudes of movement of the water column 
than larger needles With the latter the slowly rising curve and the 
stationar}’^ points can be well shown only by determining the mean 
pressure, after the manner adopted by Saugman, by means of a valve 
on the rubber connection between the limbs of the manometer, or, by a 
\ahe on the tubing to the manometer, as has been suggested by me 
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The device recommended by v Adelung-^ for making mean readings 
by means of a bypass might be modified so as to give a suitable stand- 
ard caliber for noting oscillations, and this would make one independent 
of variations m the bore of different needles The pressures recorded 
through a small needle will he in the upper half of the amplitude 
recorded by a large needle, i e , near the true mean pressure shown 
with a large needle (Fig 3, C and D) Needles of a bore of 0018 inch 
and 0 022 inch, B W G Nos 26 and 24, ha^e been used mainly An 
amplitude of 2 cm or less with a needle of 0 018 inch bore is suggestne 
of mediastinal displacement, and the more the excursion decreases or 
inci eases from this measurement the more or less suggestive it becomes 
We ha\ e also previous!} described a phenomenon, not infrequently 
found, Inch we ha\ e not seen mentioned elsewhere, but it is of some 
interest here When the patient is asked to hold his breath at the end 
of inspiration the le\el of the fluid in the manometer suddenly rises 
se\erai centimeters (Fig 3, B, C, D, Fig 4, D) At the end of the 
rise when he is asked to let out his breath there is a momentar}^ drop in 
the le^eI of fluid of about a centimeter, the pressure then rises again 
AMtli continued expiration to <i point dependent on conditions already 
described The phenomenon was noted in six out of fifteen cases wuth 
large gas cavities, and in three out of fifteen cases wuth small gas 
cavities It occurs w-ith ordinary respiration as w'ell as with forced 
respiration, is usually present both at the beginning and end of the 
seance, and it seems to be largely independent of the degree of pressure 
It may be present at the initial and early operations and then disappeai 
entirely or return some months later, also, wdien not present at first 
It may appear later (Figs 3 and 4) It is present wuth both types of 
mediastinum When this phenomenon w as first noted it w'as confusing, 
as it was feared that a reexpanded lung had been pierced , but it w^as 
invariably noted that the pressure w^as maintained at the end of the rise 
and on expiration The importance of the phenomenon is that it makes 
an exception to the rule that wdien the needle is in the pleural space the 
pressure is maintained on holding the breath at the end of inspiration 
One case (Case 1) wuth markedly movable mediatiiiuiii (Figs 1 
and 2) in which this phenomenon is present we had opportunity of 
examining wuth the fluoroscope, and a slight jerky rise of the diaphragm 
was noticed immediately on holding inspiration This was seen both 
before and after a refill at winch the beginning and ending mean pres- 
sures were —60 mm and 0, respectively, and at which 1,400 cm gas 
had been introduced Eight roentgenograms taken of this patient s 
chest at different times failed to show diaphragmatic adhesions, though 
there was a lateral adhesion about the fourth rib Three other cases 


21 Von Adelung Jour Am Med Assn , 1913, Ei, 771 
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in which It IS present, with moderately large gas cavities and each hav- 
ing a fairly rigid mediastinum, showed on plates some diaphragmatic 
adhesions as well as lateral adhesions 

It IS probable that this phenomenon is caused by a contraction of 
the lower ribs and abdominal muscles when the breath is held on inspi- 
ration, with a resulting increase of abdominal pressure and a passive 
rise of the relaxed diaphragm With beginning expiration these 
muscles are first of all relaxed and this relaxation allows a momentary 
descent of the diaphragm with a resulting slight fall in mtrathoracic 
pressure Bittorf’s^® and Teske’s-- experiments and observations of 
paradoxical movements of the diaphragm are m accord with this 
explanation 

The practical application of these inferences may be seen from the 
following typical cases and accompanying charts 

Case 1 — Fi eely movable mediastinum (Figs 1, 2 and 3 ) No 23, a woman 
Collapse of left lung for hemorrhage recurrent over a period of five years 
Left lung disseminated fibroid disease throughout, not of intense character 
Right lung slight infiltration above third rib 

June 23, 1914 Initial reading (large-bore needle, 0 042-inch, No 19 
B W G ) — 96 to — 80 mm , deep respiration, — 140 to — 20, 200 c c air, 
ending middle pressure 0 A network of adhesions was present The phe- 
nomenon was noted A fairly large pneumothorax was readily obtained which 
ultimately required an average of 1,000 c c gas every three to four weeks 
Breath sounds were almost completely suppressed after the inflation After the 
fourth inflation there was no sense of pressure but the patient felt very tired 
for about a week after each refill Dyspnea was felt after a mean positive 
pressure of 5 to 10 mm Hyperresonance was 5 cm to the right of the mid- 
sternal line The apex beat, which before the initial inflation was felt 11 cm 
to the left of the midsternal line, and which could usually be felt in almost the 
same position before a refill, became lost after one Pulsation was occasionally 
seen after a refill 5 cm to the right of the midsternal line, and relative cardiac 
dulness noted 5 to 7 cm to the right The characteristic curve of a movable 
mediastinum was early noted (Fig 3), and has been consistently maintained 
The deep respirations have never been disproportionate to those of quiet breath- 
ing and their relative values have always been consistently maintained Because 
of this feature and the subjective symptoms, the mean pressure was reduced 
to 0, or a little less This reduction lessened the sense of fatigue somewhat 
and the pulse, which had averaged 90, fell to a steady rate of 80 after two 
weeks The sputum, small in amount, was but little influenced The physical 
signs in the right upper lobe have diminished somewhat The general con- 
dition of the patient has materially improved and apprehension has gone 
Roentgenograms (Figs 1 and 2), show a marked displacement of the heart 
after the refill which is materially more marked on expiration than on 
inspiration There is a lateral adhesion seen about the fourth rib, but no dia- 
phragmatic adhesion The fluoroscope shows the greatest moiement of the 
heart with respiration when there is a large amount of gas The lung is 
not completely collapsed immediately after a refill The yielding of the medi- 
astinum, therefore, makes complete collapse a doubtful possibility or possible 
only at considerable risk The phenomenon ■v\as present during the first file 
fillings and then disappeared until the ninth filling, since vhich time it has 
been usually present (Fig 3, B, C, D) Through the fluoroscope the dia- 


22 Teske klunchen med Wchnschr, Sept 6, 1910, No 36, p 1892 
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phragm ^\as seen to rise in a jerky manner Ashen the breath was held on 
inspiration 

Casj 2 -—Movable mcdtastnium bccomtug fixed (Fig 4) Ko 27, a woman 
Right lung collapsed for se\cre and long standing disease Left lung slight 
disseminated disease throughout upper lobe 

Sept 21, 1914 Initial operation, adhesions present, 200 cc gas Two dajs 
later gas was easily introduced, two sets of stationarj points noted (Fig 4, A), 
W'lth the mean pressures at approMniatelj —20 and —5 mm, large oscilla- 
tions with large-bore needle, 0 035 inch, (B \Y G, No 20) The further 
giving waj of adhesions ma^ account for these stationary points, gas 500 cc , 
apex beat shifts 2 cm , no material dilTercnce between the extremes of deep 
inspiration and expiration at the beginning and end of the operation Since the 
second inflation breath sounds immcdiatclj after the operation have been almost 
compictclj suppressed Bj' December 8, seventh refill, a large pneumothorax 
has been obtained Hjperrcsonance extends 3 cm to the left of the midstcrnal 
line, the left margin of relative cardiac dulncss and the apex beat have each 
been displaced 4 cm by the inflation Curves witli stationary points ha\e been 
consistently seen The rise is fairly slow , the oscillations rather irregular 
(B, Fig 4) Jamiarj 2 The rise in pressure for a smaller amount of gas, 
500 cc, IS more abrupt and the oscillations arc greater Two da\s later the 
patient suffered great pain at the base of the left lung, w’hich disappeared 
suddenK after lour dais Januar 3 ' 30, the rise m pressure is more rapid 
(C, Fig 4), irom — 50 to +30 mm by 450 cc gas No stationarj' points 
arc noted, the oscillations arc matcriallj larger but \ariablc, suggestion of 
fluid in the needle, the excursion on deep respiration has greatly increased 
The relatnc cardiac dulncss is fixed at 8 5 cm to left of the midstcrnal line 
both before and after the inflation The cliaractcristics of a fixed mediastinum 
are now' seen, and these conlmuc The succussion sign of fluid was obtained 
after the tenth refill, but was not found again At the tw'clfth refill the deep 
respiratory excursion became enormous, showing an amplitude of 230 and 220 
mm before and after the inflation (D, Fig 4) The phenomenon w'as first 
seen at the end of this inflation but has since been constant It is well illus- 
trated in the chart (Fig 4) Since the mediastinum has become fixed the 
pressures haic been consistcntlj raised so that now the ending mean pressure 
is 90 mm The patient is more comfortable, with almost entire absence of 
expectoration, and plijsically better than at ain time since the pneumothorax 
W'as induced 

The first case illustrates the correlation betw eeii -fatigue symptoms, 
physical signs of displacement of the mediastinum and the data here 
given for inferring a movable mediastinum from the readings of the 
manometer Relief from the symptoms was obtained bj'’ reducing the 
pressure to just below zero The second case required care m the 
adjustment of pressure for both the functionating lung and heart 
Restraint was exercised m the pressure used and frequent refills were 
undertaken until the readily displaced mediastinum became fixed, fol- 
lowing the pleurisy, which fixation is well shown by the manometer 
It then proved to be beneficial to increase the pressure and after this 
the intervals could be lengthened A number of other cases might be 
cited to show the correlation between physical signs and the manometnc 
indications of mediastinal displacement In some cases in which the 
physical signs of displacement failed or were less marked, the manome- 
ter has proved a distinct help in estimating the condition of the medi- 
astinum 



SINO-AURICULAR BLOCK DUE TO TOBACCO 

POISONING^’- 

SELIAN NEUHOF, MD 

NEW YORK 

Sino-auncular block — standstill of the entire heart — is a rare type 
of arhythmia in the adult It is usually the result of digitalis poison- 
ing ^ Recently, however, a case due to salicylic acid has been 
described ^ It has occasionally been induced by "vagal pressure® in 
patients with normal rhythm and with paroxysmal tachycardia"* and 
has frequently been induced experimentally ® The report of its occur- 
lence as a clinical condition with accompanying graphic proof i-i 
exceedingly rare ° 

It has long been known that overindulgence in tobacco causes 
arhythmias, but their type has not been sufficiency studied by graphic 
methods to determine their exact nature I have observed several 
cases of extrasystoles (usually auricular), one case of auricular flutter 
and one of auricular fibrillation due to tobacco poisoning As smo- 
auricular block has never been ascribed to this cause, the following 
two cases seem sufficiently noteworthy to warrant publication 

Case 1 — E I H, aged 28, architect, married six years, has two children 
He was always athletic When 6 years old he had diphtheria with tracheotomy , 
otherwise he has had no serious illness At IS he began smoking and has been 
smoking uninterruptedly since, his usual quota being three cigars and three 
pipefuls daily, never cigarets His pulse irregularity was first noticed when 
examined for admission to the army at the age of 20 His arhythmia does not 
annoy him or in any wise interfere with his work or exercise There was no 
dyspnea on exertion and the arhythmia was not affected by exercise There 
was no precordial pain or decompensation The systolic blood pressure was 
150 mm , the diastolic, 70 mm There was a vigorous apical impulse and the 
cardiac sounds were normal Orthodiascopic examination showed slight left 
ventricular enlargement The urine showed no abnormalities, and examination 
of the abdominal organs and the nervous system revealed nothing of note The 
heart contracted regularly at the rate of about 100 per minute for two, three, 
or four beats and then there w'as a sudden pause during which no sound was 
heard at the apex nor any pulse beat felt at the wrist Examination of the 


* Submitted for publication, Jan 3, 1916 
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2 Sicard and Meara Am Jour Med Sc , 1915, cl, 843 

3 Robinson and Draper Jour Exper Med , 1911, xiv, 217 Von Hoesselm 
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Figure I 



Figure 2 


Figure 1 — Electrocardiogram from Case 1 Irf this figure and Figure 2 the 
vertical lines measure one-fifth second , the different leads are marked 1, 2, , 

P = the auricular, R-T, the ventricular complex S A = smo-auncular block, 
Fx = ventricular extrasystole 






SELIAN NEUHOF 


661 


electrocardiogram (Fig 1) showed smo-auncular block, a sudden arrest of the 
whole heart (S A, Fig 1) The length of most of the pauses was somewhat 
less than two normal beats, a condition ordinarily found in this type of arhythmia 
The patient refused to stop smoking, the arhythmia continued This case was 
uncomplicated by any evidence of organic cardiovascular disease 

Case 2 — B, physician, aged 57, always led a very active life, had been 
a heavy and constant cigaret smoker since youth, averaging thirty cigarets daily 
Several years ago he was treated medically for duodenal ulcer and has had 
no symptoms since During the last eight years he has complained of some 
dyspnea In addition, for the last two or three years he has had occasional 
attacks of precordial pain For several months both symptoms have become 
worse His pulse irregularity began eight months ago The patient was some- 
what stout, his color pasty gray The average systolic blood pressure was 
150 mm , the diastolic, 100 mm There was no pain on precordial pressure 
Except for a faint systolic murmur at the right base, the heart sounds were 
normal The orthodiascope showed that the aortic arch and left ventricle were 
somewhat enlarged The neurological status was normal There was slight 
edema of the legs On one examination the urine contained a few hyaline 
casts and a slight trace of albumin Extrasystoles were heard at the apex and 
transmitted to the wrist about once in every three or four beats, their num- 
ber decreased after exercise Besides the extrasystoles, there were occasional 
complete pauses of the heart and pulse, the electrocardiogram (Fig 2, lead 2, 
S A ) showed that the pauses were due to smo-auncular block and almost 
equalled two normal contractions Ventricular extrasystoles (Fig 2) were seen 
in the different leads The ventricular rate, when rhythmical, was about 80 
per minute, the conduction time (P-R interval), normal The patient was 
advised to stop smoking and moderate doses of bromids were prescribed The 
smo-auncular block disappeared within three days and has not since returned 
The extrasystoles also disappeared for a few days, but then recurred about 
once every minute, after two weeks they were as frequent as at the first 
examination With their return, precordial pains and dyspnea increased 
Digipuratum tablets, three daily, and theobromm sodium salicylate, with Karrel 
diet, once weekly, were prescribed, and the patient’s work was somewhat 
restricted Within three weeks, the extrasystoles, precordial distress and 
dyspnea entirely disappeared Except for occasional ventricular extrasystoles 
following extreme effort, the patient feels quite comfortable 

A study of the history and clinical course showed that the two 
distinct types of arhythmia, smo-auncular block and ventricular 
extrasystoles, were apparently caused by two different factors, the 
former by tobacco, the latter probably by myocarditis and nephritis 
The smo-auncular block disappeared very soon after smoking was 
stopped , the extrasystoles, only when compensation was fully restored 
Ventricular extrasystoles are known to accompany any type of cardio- 
vascular disease with decompensation With restoration of compen- 
sation they usually disappear, a result that was accomplished in this 
case 

COMMENT 

Smo-auncular block is commonly ascribed to a ^agus influence 
acting on the sinus region of the heart m which lies the pacemaker 
(the smo-auncular node) with its rich nerve plexuses and ganglia, 
morbid ^agus influences may block out an entire sequential aunculo- 
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A cnlricular conlrtiction and produce a corresponding" pause of cardiac 
activit)^ In animals the experimental eflects on the heart and aorta 
of nicotm injections and of tobacco inhalations and their possible 
correlation with similar cardiovascular disease in man are still disputed 
questions and have no bearing on the subject matter of this paper 
These obseri ations, liowe\cr, have tended to minimize the definitely 
known poisonous eflects of nicotm on ner\es and nerve endings 
Langley and Sherrington' were among the first to demonstrate the 
neurotropic effects of nicotm, the most active of the tobacco alkaloids 
Pczzi and Clerc® studied the effects of nicotm injections upon cardiac 
rhythm and du ided these into an initial bradycardial, and a later tachy- 
cardia!, pliase In the formci, they occasionally noted auricular 
arrest with ventricular arhylhmia, and less frequently auricular fibril- 
lation , with the tachycardia, they observed lessened auriculoventricu- 
lar conduction time, retrograde conduction, auricular extrasystoles or 
incomplete aunculoi entncular dissociation Cushny'* shoued that 
experimental nicotm injections disturbed normal cardiac rhythm 
mainly by a morbid neurotropic influence acting on the ganglionic ter- 
minations of the vagus and S3nipathetic ncr\es, thus it seemed pos- 
sible to ha^c two opposite effects on heart rate — abnormal slowing or 
acceleration — apparently depending on the preponderant selective 
action for vagus or accelerator none endings That such action may 
rapidly shift from one to the other seems plausible from our presenr 
scant)' clinical knowledge that nerve tone may be a very unstable 
quality, at times readily influenced 

The clinical cases here reported seem to substantiate, m a degree, 
the results of animal experimentation In Case 2, the extrasystoles 
were the result of decompensation The smo-auricular block repre- 
sented the eflects of nicotm poisoning on the vagus alone Patient 1 
had no organic disease The moderate acceleration interspersed with 
irregularly occurring sino-auncular block was apparently a clinical 
prototype of the two opposed experimental effects of the tobacco 
alkaloid on the vagus and accelerator 

1275 Madison Avenue 

7 Langley and Sherrington Jour Physiol , 1891, xii, 43 

8 Pezzi and Clerc Jour de physiol et path gen, 1913, xv, 1 

9 Cushny Pharmacology and Therapeutics of the Action of Drugs, 191 , 
p 272 



OBSERVATIONS ON THE TYPHOIDIN REACTION^- 
CHARLES R AUSTRIAN, MD 

AND 

ARTHUR L BLOOMFIELD, MD 

BALTIMORE 

In every community in which typhoid fever is endemic, the desiie 
exists for a method of determining the presence or absence of immun- 
ity to the disease 

A test that could be relied on to furnish an index of resistance to 
invasion by the typhoid bacillus, would determine the need of prophy- 
lactic vaccination or revaccination, and in certain less common 
instances, perhaps afford the means of identifying a previous 
obscure infection as typhoid fever The shortcomings of the ordinary 
immunological procedures for this purpose, long recognized, were 
emphasized anew by Gay and his co-workers, who devised the 
typhoidm reaction to supplement them 

Gay and Force^ prepared an extract of the typhoid bacillus accord- 
ing to the technic employed by Koch in the preparation of ''Original 
Tuberculin ,” 250 c c of 5 per cent glycerin broth were inoculated with 
a strain of Bacillus typhosus (Dorset Army Strain No 5), and incu- 
bated for five days The culture was then reduced without filtration 
to one-tenth of its original volume by evaporation over an acetone 
bath at 56 C for about eight hours The end product they named 
"typhoidm ” 

For control tests, 5 per cent glycerin broth was concentrated at the 
same time and by the same means to an equivalent volume 

The method of carrying out the original tests was essentially that 
utilized by von Pirquet in eliciting the cutaneous tuberculin reaction 
It consisted in producing an abrasion of the skin, of uniform size and 
depth, designed to cut just through the epidermis of the arm without 
drawing blood The abrasion was produced by making a twist of a 
chisel with a straight edge, 2 25 mm wide, with square corners, and 
tempered to resist sterilization by burning alcohol The skin was 
cleansed with 95 per cent alcohol Two uniform abrasions were made 
on the upper arm or forearm, and with a sterile toothpick the control 
solution was rubbed into the inner spot and the t} phoidin solution was 
applied to the outer one The reactions were obsen'ed six and twenty- 

* Submitted for publication March 13 1916 

*From the Medical Clinic of the Johns Hopkins Hospital 

1 Ga^, F P, and Force, J N The Archwes Ixt Mfd , 1914, xiii, 471 
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four hours later, and rarely at subsequent periods In a few instances 
an accelerated response was noted after six hours, hut this subsided 
within twenty-four hours Not infrequently a positive reaction per- 
sisted for a week Generally, the control spot showed a healed abra- 
sion 2 mm in diameter, not surrounded by an areola In fewer 
instances, a slight 7one of traumatic redness was seen about the abra- 
sion In the latter group, when there was a positive reaction about 
the typhoidin spot, the difference between its areola and the redness 
about the contiol spot was readily measured As evidence of a posi- 
tive reaction, a difference of 2 5 mm beUscen the two areolas was 
arbitrarily chosen The positive spot measured from 4 to 12 mm in 
diameter, was usually somewhat indurated and often clearly demar- 
cated In negative cases the same response was noted in the control 
and in the typhoidin spot 

The results of the application of this test by Gay and Force may 
be briefly summarized 

Of 21 cases with a definite history of typhoid fever from four 
and a half months to four years previously, 20 gave a positive reaction 

Of 6 cases wuth a history suggesting typhoid fever in the past, 
6 gav'-e a positive test 

Of 41 negative control cases, 35 gave negative tests and the remain- 
ing 6 “may be suspected of having had a mild and undiagnosed attack 
of typhoid fever ” 

Of 15 individuals vaccinated with Army vaccine, eight months to 
four and three-fourths years previously, 9 reacted positiv'^ely 

Twenty- fiv^e individuals v'accinated with the sensitized vaccine of 
Gay and Claypole one to eight months before the test, all developed 
a positive reaction 

In a later communication. Gay and Claypole" reported the results 
of the typhoidin test made with a modified test preparation injected 
intradermically 

Original typhoidin solution was precipitated with twenty volumes 
of alcohol, filtered, and the filtrate, after being washed with absolute 
alcohol and ether, was dried on porcelain plates in a v'^acuum over 
sulphuric acid The control 50 per cent glycerin broth was similarly 
treated For the tests a small amount of each sediment was dissolved 
in phenolated saline solution equivalent to the original volume of con- 
centrated typhoidin or even to a double concentrated solution Such 
solutions when kept m a cool place gave a reaction in typhoid immunes 
for at least a month 

The exact amount of typhoidin used in carrying out the intradermic 
test IS not mentioned The only statement as to the quantity of the 


2 Gay, F P , and Claypole, E J The Archives Int Med , 1914, xiv, 671 
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preparation employed is that “the tests were applied by making blebs, 
one on each upper arm ” 

The results of the typhoidin skin test summarized m this com- 
munication indicated that 95 per cent (40 of 42) individuals with a 
history of having had typhoid fever gave positive reactions, and that 
of control persons with no history of the disease 86 per cent (38 of 
44) gave negative reactions Further, of 6 persons reacting positively, 
5 probably had had abortive typhoid fever 

Gay and Claypole found that individuals immunized with typhoid 
vaccine “reacted m the majority of cases for about two years and 
then became more frequently negative,” and inclined to the view that 
“a negative skin test at least a month after vaccination indicated the 
need of revaccmation ” 

The evidence that a positive skin test with typhoidin indicated 
immunity to typhoid fever was further supported by similar reactions 
induced m immunized rabbits 

The studies of Gay and Force and of Gay and Claypole seemed to 
show that a satisfactory gage of resistance to infection with the 
typhoid bacillus had been found 

Nichols^ carried out both the dermal and the intradermal tests of 
Gay The former reaction yielded disappointing results, due, he 
thought, to the deterioration of the typhoidin solution The reactions 
made with the precipitated preparation gave positive results in 75 per 
cent of persons who had had typhoid fever, and in 64 per cent of fifty 
persons who had never had typhoid fever but who had received 
prophylactic vaccine within four years 

Pulay^ published the results of a series of tests carried out on 
one hundred thirteen persons, some of whom had had typhoid fever 
recently or some time before, some of whom had received antityphoid 
vaccine, and others of whom gave a negative history Apparently, his 
findings confirm those of Gay and Force and of Gay and Claypole 

The need for such a test in the medical department of the Johns 
Hopkins University and Hospital has long been recognized The large 
student body, the corps of nurses, the staff, the majority of whom 
receive prophylactic vaccination against typhoid fe\er, constitute a 
group the resistance of which to infection with the Bacillus typhosus 
it IS expedient to know Accordingly, the following observations were 
made 

In order to make the results of these observations as nearly com- 
parable as possible, the tjphoidm was prepared strictly according to 

3 Nichols, H J • Jour Exper Med , 1915, xxn, 780 

4 Pulay, E Wien klin Wchnschr , 1915, xx\ in The original article v as 
not to be obtained The quoted data ^^ere contained in an abstract in Jour. 
Am l^Ied Assn, 1916, Ixm, 230 
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the Icchnic of Gay, and, for the sake of emphasis, it is again detailed 
T^^o hundred fifty cubic centimeters of 5 per cent glycerin brotli 
were inoculated with Bacillus typhosus (Ainiy Strain “Rawlings”) 
and incubated foi five days at 37 C The culture w'as then evaporated 
at 56 C w ithoiit filtration to one-tenth of its original volume, and 
precipitated wnth ten \olumcs of absolute alcohol The precipitate, 
washed wnth absolute alcohol and ether, w-as then desiccated in a 
vacuum o%cr calcium chlond 

The contiol preparation wms prepaicd b) treating uninoculated 
sterile 5 per cent glycerin bioth in the same wMy The end product 
in each instance w'as a slightl) tinted wdiitc cake which, wdien ground 
in a mortar, yielded a fine white powder readily soluble in w'ater or 
in salt solution 

No cutaneous tests were made In each case a knowm weighed 
quantity of the tjphoidin, dissohed in a constant volume of 0 85 pei 
cent salt solution, was injected into the skin of the upper arm or 
forearm after it had been cleaned W'lth alcohol At the time of the 
injection ot the typhoidin solution, an injection of an equal amount 
of the control solution w'as gi\cn The results of the inoculations w’ere 
noted immedialel}, after si\ hours, tw^cnt}-four hours, and often at 
daily intervals foi a week 

In the majoi part of the series to be iccordcd, a polyvalent 
typhoidin w'as used This wms prepared according to the described 
technic, but the end product represented the combined precipitates of 
cultures of thirty-five strains of the typhoid bacillus 

In carrjnng out the tests from 0 00001 to 0 02 gm of typhoidin wms 
used The solution of typhoidin was made in 0 85 per cent salt solu- 
tion and WMS injected wnthin tw^o hours of its preparation 

Within a few minutes to half an hour after the injection, an ery- 
thema 0 5 to 2 0 cm m diameter developed, in the center of wdnch there 
was usually a small area of edema During the next few' hours the 
erythema continued to spread and the central edema subsided, leaving 
at the site of the injection a slightly elevated indurated nodule, the 
skill over wdiich wms darkei than the surrounding area 

When small doses, such as 0 00005 gm or less, of typhoidin w'ere 
used, the reaction was purely local and reached its maximum wnthin 
twenty-four hours, when there wms generally a small, broad nodule 
at the site of the puncture This was surrounded by a zone of ery- 
thema that varied in size but was rarely greater than 5 or 6 cm in 
diameter The color faded during the next tw'enty-four hours, leaving 
a small central stain that at times persisted several days or even a 
week 

When larger amounts of typhoidin were injected, the resultant 
reaction was similar but of greater extent In addition, any or all 
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of the following signs occasionally developed Marked local lendei- 
ness, heat and swelling, pain when the elbow was flexed, lymphan- 
gitis, axillary lymphadenitis , even slight fever and malaise 

Occasionally the erythema was sharply demarcated, but more 
often It was diffuse and its outlines so difllcult to discern that accurate 
measurements of its extent could not be made This was especiall) 
tiue of the superior margin, for the erythema often extended up the 
arm m a gradually fading band 

A reaction following the mtradermic injection of solutions con- 
taining less than 0 0001 gm of the precipitate from the umnoculated 
broth was usually lacking In those instances in which laiger amounts 
were used, a small zone of slight erythema resulted 


RESULTS OF THE TESTS 

A INDIVIDUALS WITH A RCLIABLL HISTORY OF TYPHOID FEVER 

The test was earned out in ten individuals who had had typhoid fevei The 
time that had elapsed since the infection, the amount of typhoidin injected, and 
the reaction elicited, are summarized in Table 1 


TABLE 1 — Typhoidin Test of Individuals Who Had Had T\phoid Fever 
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Accepting as the criterion of a positne reaction a difference of 2 5 mm in 
diameter between the areola resulting about the site of the injection of the 
typhoidin and that de\ eloping around the injection site of the control prepara- 
tion, all ten of these individuals gave a positive reaction , but an identical proce- 
dure earned out in ten persons who had never had tj'phoid fever anv illness 
that was probably abortive tv’plioid fever, or a prophj lactic tjphoid vaccina- 
tion showed a similar result 
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B INDIVIDUALS WHO HAD RECEIVED PROPHYLACTIC ANTITYPHOID VACCINATION 

Twenty-eight medical students and physicians, who had received one or more 
courses of injections of typhoid vaccine three months to five years ago, were 
each given an intradermic injection of typhoidin solution The dosage used 
and the extent of the reaction that followed are seen in Table 2 

These results again show in all cases the chosen criterion of a positive 
reaction But as in Series A, so m this series, a comparison of these tests 
with those obtained in normal controls who had never had typhoid fever, any 
illness that suggested typhoid fever or antityphoid vaccination, shows iden- 
tical findings 

C INDIVIDUALS WHO HAD NOT HAD TYPHOID FEVER OR 
PROPHYLACTIC ANTITYPHOID VACCINATION 

The test was carried out in twenty-five such people, and the results have been 
recorded in Tables 1 and 2 These findings need little comment It is not 
likely that more than a small percentage of these individuals could have had 
an unrecognized attack of typhoid fever, and even more improbable that any 
large proportion of them possessed a natural immunity to the disease 

CONCLUSION 

The typhoidin reaction carried out in sixty-six individuals failed 
to furnish data by means of which it was possible to differentiate 
between those who had neither had typhoid fever nor received pro- 
phylactic vaccination and those who had either had the disease or 
had been artificially immunized against it 



STUDIES OF THE HEART'S FUNCTIONAL CAPACITY 
AS ESTLMATED BY THE CIRCULATORY 
REACTION TO GRADUATED 
Y'ORK' 

IIIEODORE B BVRRINGIIR, Jr, MD 

M \V -iiOUK 

The method used in these studies to determine the heait's fune- 
tional capacity consisted bnedv m the deductions made from fiequent 
measurements of the ptiFe and sjstolic blond pressure after increasing 
amounts of work as described in a foimer article^ When the highest 
blood pressuie was noted immediately after woik and then quickly 
subsided this work was considered to ha\e been within the heart’s 
capacitN W hen, on the other hand, the highest pressure w'as reached 
a minute oi two .ifter the completion of woik, at a time when the pulse 
liad dropped back tow aids normal, that woik was regarded as having 
o\crtaxed the hcait 

Graduated work was furnished m a few^ cNpcnmcnts b\ a biceclc 
crgomctci of the type described b\ Kiogli and Linhard,- but m the 
majonty of cases by moeements of flexion, extension and swinging 
wnth iron dumb-bells W'eighing from 3 to 20 pounds each 

Dumb-bells afloicl a most piactical means of furnishing graduated 
w^oik either for testing the heait’s functional capacity or for the treat- 
ment of patients com alescing from cardiac insufficiency Computa- 
tion of the amount of w^oik pci formed through dumb-bell exercises is, 
how'ever, not absolute, as wnll be seen from the following examples 
If a 5-pound dumb-bell is extended upward from the shoulder thiough 
2 feet, 10 foot-pounds of w^ork is performed wuth each extension 
With a 10-pound bell 20 foot-pounds, oi twnce as much w^oik, would 
be performed m the same space of time Yet these figures do not 
represent the entne amount done, as tw'O sources of w^ork have been 
Ignored 

During the time consumed in the exercise the bell is being sup- 
ported near the shoulder, wduch entails muscular effort Also wdien 
the bell returns to the shoulder some force is exerted to prevent too 
rapid a fall Considerable additional w^ork wduch cannot be estimated 
in foot-pounds is performed in these w'^ays The actual work done 

Submitted for publication, March 2, 1916 

*From the Medical Service of the House of Relief 

1 Barringer, T B , Jr The Archives Int Med 1916, xvii, 363 

2 Krogh and Lindhard Skandinavisches Arch f Physiol , 1913, xxx, 378 



THEODORE B BARRINGER, JR 


671 


by the extension or flexion of dumb-bells is therefoie the sum of 
three parts The first, which arises from moving the bell through a 
certain distance, we can measure, the second, aiising from suppoit- 
ing the bell, and the third, denved from muscular resistance, we can- 
not measure Although this limitation makes our estimations relative 
and not absolute, it does not invalidate comparisons of the lieartT 
efficiency obtained by means of this measurable component of dumb- 
bell work An idea of the number of foot-pounds which elude com- 
putation in this way may be gained by a consideration of the heait’s 
capacity as calculated absolutely through work on the bicycle 
ergometer 

A laboiatory assistant, aged 23 years, with a normal heait, and in 
fair physical training, was able to do 8,700 foot-pounds per minute foi 
five minutes on the bicycle ergometer without overtaxing his heait 
Working at the rate of 8,900 foot-pounds per minute, howecer, in two 
minutes he had overtaxed his heart Another assistant, aged 21 yeais, 
with a normal heart, but with not quite as powerful a physique as the 
first man, was able to do 7,200 foot-pounds per minute for foui minutes 
on the ergometer At the rate of 9,900 foot-pounds per minute his 
heart’s capacity was exceeded m two and a half minutes For coni- 
paiison the cardiac efficiencies of two young men, a few years oldei, 
i\ith normal hearts and m fair training, were detei mined by giaduated 
woik with dumb-bells One was able to do 9,600 foot-pounds in sixty 
seconds, but working at the same rate foi ninety seconds his heart 
was overtaxed The other man did 7,600 foot-pounds in sixty seconds, 
but was unable to continue at this rate for ninety seconds without 
exceeding his heart’s capacity 

Again, a patient convalescing from cardiac insufficiency was able 
to do 1,300 foot-pounds per minute on the ergometer for two and a 
half minutes wnth normal circulatory reaction The same day 1,200 
foot-pounds of dumb-bell w'ork in sixty seconds overtaxed his heart 

The disparity thus showm between the \alues obtained m these 
experiments wuth the ergometer and those obtained from dumb-bell 
exercise is large and must represent that part of dumb-bell w'ork wdiich 
w^e cannot translate into w^ork units 

In the light of the preceding explanation it is clear, we trust, that 
the ^ allies stated m the subsequent studies of the heart’s efficiency as 
cletei mined b)^ graduated dumb-bell work are all considerably lower 
than they should be and yet the} aftord a fairl} accurate means of 
comparison 

Table 1 represents the functional capacities of the hearts of normal 
persons as determined by graduated dumb-bell w ork and by the 
ergometer 
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TABLE 1 — Functionai Capacitiis oi KouMAr IB arts as Estimatfd n \ 
Graduatpd Work with Domr-Biiis am) with thp Bic^cic Ergometpr 

DUMIl-lllIK W'ORK 
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A comparison between Cases 1 and 3 is interesting Patient 1 was 
a V Oman, aged 56, who had ne\er taken any more Mgorous exercise 
than an occasional w’alk Patient 3 w'as a w'oman 23 years old, in excel- 
lent physical condition, who played tennis and sw^am occasionally 

Patient 4 was a professional man, aged 45. w'ho had taken jirac- 
lically no vigorous physical exercise since boyhood, because wdien he 
did so he became short of breath and felt exhausted afterw'ards His 
heart w'as apparently normal in e\cry respect, but his cardiac capacity 
w'^as the low'^est of tw'’enty normal men of middle age By a course of 
graduated exercise his heart’s efficiency w'as increased so that he could 
do 6,400 foot-pounds in sixty seconds, instead of 2,600 foot-pounds in 
forty-five seconds wdiich w'as his initial capacity 

Three cases have been selected to illustrate the course of the heart s 
functional capacity in patients suffering from varying degrees of 
decompensation The first patient, J C , a w^atchman, 54 years old, 
had had his first attack of cardiac insufficiency m 1913, having at that 
time swelling of the feet and legs, and shortness of breath On Sept 
8, 1915, he was admitted to the House of Relief complaining of the 
same symptoms He w^as a thin man wnth gray hair, dyspneic, and with 
maikedly swollen legs and scrotum The heart was enlarged and 
showed an aortic and mitral i egurgitation There w^ere signs of small 
quantities of fluid in both pleural cavities The liver was decidedly 
enlarged, and the blood show^ed a 4 — ! — I — h Wassermann reaction He 
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lie capacity is represented by the black square lying between 100 and 150 foot-pounds 
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1 ccLU cd altogcthti 16 dicims of lincliitc of digitalis and t^^enty iiitra- 
mu'^ciilar injections of salic) late of mcrciii y September 22, the cai diac 
capacity c\as tc^ited and the patient was gncii a course of graduated 
cxeicisc feu days aftci tlie excicise began the digitalis was stopped 
Chart 1 rcpicscnts the com sc of the lie.irt’s functional capacity 

Scptcmhci 22, when he was able to walk slowly around the ward 
foi a short distance, his cardiac capacity was very low On Decemhei 
27, uhen his capacit> had lucieascd to between 900 and 1,100 foot- 
jiounds performed m 60 seconds, he was much stionger and able to 
do light w'oik 

Ihc second patient, C , was a salesman, aged .31 \cai‘'. who had 
had foui attacks of .icute rheumatic fc\er Foi two cears he had 
had occasion, dly sjmptoms of cardiac msufliciency, but for 6 months 
past decompensation had been marked On lunc 8, 1915, phjsical 


Date 6/21 6/26 6/27 6/30 7/7 7/8 7/9 7/13 7/15 7/20 7/22 17/23 



Chart 2 — Course of llic licart’s capacitj in patient C G, suffering from 
mitral regut gitation and cardiac nisiifricicnc 3 


examination show^ed a jjalhd m.in, weighing 192 pounds, dyspneic, and 
wuth sw'ollen legs The heart w'as decidedly enlarged, regulai and 
lapid in action, and show^ed a initial regurgitation The edge of the 
liver w'as felt 6 inches below the free boidei of the ribs in the inid- 
elaviculai line Thcic w^as also a small amount of fluid in the light 
pleural cavity The patient w^as given 6 drams of tincture of digitalis, 
and June 21 a com sc of graduated exeicise wuth dumb-bells and 
bais was begun Chart 2 shows the course of the heait's capacity 
On June 21, wdien the cardiac capacity w^as 800 foot-pounds in 
sixty seconds he was able to come to the office daily for treatment, 
w’^alkmg twm blocks each time On July 23 he w’’as able to do betw’’ee,i 
1,200 and 1,500 foot-pounds m sixty seconds and he felt strong enough 
to go to his own office three times iveekly 
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The third patient, F W, was a woman aged 27 yeais, ^^ho foi 
some years had had a mitral legurgitation, with slight enlargement 
of the heart, but no symptoms of cardiac insufficiency except slight 
palpitation on exertion The origin of the heart’s condition was 
unknown The patient had been careful to avoid physical exeition 
for several years She was given a course of graduated exercises 
Chait 3 represents the course of the heart’s capacity 
Our experience in estimating the heart’s functional capacity by 
means of dumb-bell movements in a large number of persons suffering 



Chart 3 — Course of the heart’s capacity in F W , suffering from well- 
compensated mitral regurgitation 

fiom cardiac insufficiency leads us to make the following statements 
with considerable confidence 

Patients u ith cardiac capacities under 100 foot-pounds per minute, 
generally show other signs of cardiac insufficiency In old people, how - 
ever, the heart’s capacity ma} be very low and yet no physical sign of 
cardiac insufficiency be present 

Patients with capacities between 100 and 1,000 foot-pounds per 
minute are progressuely able to be up and about and to do some 
walking 

A cardiac capacity under 1,000 foot-pounds per minute affords 
important confirmator} e-\idence of the existence of suspected m} 0 - 
cardial disease 
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Although the values of the heart’s capacity as estimated in these 
studies are not absolute, the conception they give us of the heart’s 
function does much to establish a new viewpoint m circulatory 
physiology 

I am much indebted to Dr A C Smton and Dr I B Ridgewaj', house 
phjsicians at the House of Relief, for their help in carrying out the work 
outlined abo\e 

34 West Eight> -Fourth Street 



THE PRESENT STATUS OF MAGNESIUM SULPHATE IN 
THE TREATMENT OF TETANUS " 

H E ROBERTSON, MD 

MINNEAPOLIS 

Ever since the introduction of antitetanus serum by Behring and 
KitasatO' in 1890 there has been more or less increasing disappoint- 
ment because of the numerous failures after the therapeutic applica- 
iion of this agent Indeed it was early recognized, even by those who 
claimed great merit for antitoxin, that in most cases of tetanus it was 
absolutely necessary to employ other means for the control of violent 
spasms and the conservation of the patient’s strength Even if, in the 
end, the serum could neutralize and render harmless the otherwise 
fatal toxin, it had no immediate effect upon the exhausting and dreaded 
muscular paroxysms 

Consequently, for the relief of these conditions the attending phy- 
sician was foiced to utilize those sedative and anesthetic drugs, which, 
in one form or another, have been employed in tetanus ever since the 
disease has been known In this, as in other diseases, there would 
occasionally appear writers whose enthusiastic support for one or the 
other remedy would, for a time, engender the hope that some really' 
life-saving treatment had been devised, only later to be succeeded by 
discouragement and therapeutic nihilism as the apparent futility of any 
lemedy whatsoever appeared to have become firmly established The 
difficulties in the way of finding the ideal drug were almost insuperable 

The advantages in the use of antitoxins consist chiefly in the fact 
that their therapeutic effect is obtained without costing the patient one 
iota of his strength or bodily resistance In short, for the patient’s 
body, if not for his pocketbook, these remedies are the cheapest known 
On the other hand, most antispasmodic and anesthetic agents, such as 
chloral, opium, chloroform, etc , achieve results by a toxic action and, 
consequently, for whatever measure of relief the patient obtains, he 
must pay the price The more relief he demands, the greater this 
price becomes until finally the choice must be made as to whether it 
^^ould be better to die from the toxic action of the disease or from the 
toxic action of its treatment 

* Submitted for publication, March 11, 1916 

* From the Department of Patholog>, Bactenologj' and Public Health, Un.- 
\ersitj of l^Iinnesota 

1 Behring and Kitasato Ueber das Zustandekommen der Diphthenc- 
Immumt'it und der Tetanus-Immunitat bei Tieren, Deutsch med Wchnschr , 
1890 Xo 49, p 1113 
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NcUuially then, A\hen a new drug was proposed or sponsored, it 
became necessary to examine its mciits closely, not only as to its 
specific tliciapeutic possibilities, but also as to its comparative freedom 
from toxic e/Tects A decision on these points has not always pro\ed 
to be an easy one and no remedy of modern times has furnished a 
better example of this fact than has magnesium sulphate* in relation 
to the tieatmcnt of tetanus 

When the use of this salt w'as first proposed it wms w^elcomed with 
enthusiasm because it appaiently possessed many of the lequired 
characteristics of an ideal antispasmodic and anesthetic drug The 
early belief w'as in a measure supported b\ experiments on animals and 
the successful application to human cases of tetanus m wdiich both the 
method of use and the therapeutic action were fully illustrated 

It IS now ten years since the first report was made b\ ]\Ieltzcr and 
Auci"* of the use of intraspinal injections of magnesium sulphate in 
the treatment of exiicnmental tetanus in monkeys, and w'hile. since that 
time, our knowledge of the limitations and ad\antagcs of its use, as 
well as the various means of its application, has greatly improved, the 
clinical w'orld today is by no means of a single mind as to the exact 
place w'hich this drug should occupy in the loutine treatment of the 
disease in man The extremes vary from those who use it constantly 
and often report w'onderful results to those who refuse to employ it 
under any circumstances, preferring the more w^ell-knowm drugs, such 
a*; chloial, opium, etc These extreme view'^s have become especially 
prominent during the present European war, in wdneh the disease of 
tetanus has been a frequent scourge and in which etery knowm method 
of treatment has found both advocates and opponents In tiew' of all 
these facts it has seemed w'^orth wdnle to review^ in some detail not only 
the development attained m the employment of magnesium sulphate in 
the treatment of tetanus, Avith the various methods used, but also to 
examine the experimental and clinical evidence for its efficiency, and 
endeavor thereby to arrive at some fair judgment of the future place 
wdiich should be accorded to the drug in the tieatment of this disease 

2 The magnesium clement is, of course, the active agent and theoreticalh 
other salts of this metal, namely, magnesium chlorid, might be employed In 
fact, Zuelrer (Glycennphosphorsaures Magnesium als Ersatz fur Magnesium- 
sulfat bei der Behandlung des Tetanus, Berl khn Wchnschr , 1915, No 26, 
p 689), has recently suggested the use of magnesium glycerophosphate instead 
of the sulphate, claiming that it has the efficacy without the dangers of this 
latter salt He recommends 10 c c of a 25 per cent solution given subcutane- 
ously every three or four hours 

3 Meltzer and Auer The Effects of Intrvaspinal Injection of Magnesium 
Salts on Tetanus, Jour Exper Med , 1906, vni, 692 
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THE INTRASPINAL METHOD 

Following the recommendations of Meltzer and Auei,^ who had 
experimented with magnesium sulphate on eight monkeys and who 
leported that early intraspinal injections of the salt were capable of 
letarding the progress and development of tetanus symptoms, most 
physicians during the first few years of its general use in tetanus, 
administered it by lumbar puncture The proof of its usefulness 
olTered by these eailier workers and clinicians was positive and con- 
vincing Not only in monkeys but also m human beings magnesium 
sulphate could be injected into the spinal canal m such doses as to 
preserve the respirator}'- centers, and yet abolish all the clonic comail- 
sions and tonic contractures of tetanic seizures 

A rather careful survey of all the published repoits on the occur- 
lence of tetanus in which sufficient details weie furnished to admit 
of classification shows that 81 cases have been described m which the 
treatment consisted, m part at least, of intraspinal injections of mag- 
nesium sulphate Blake (Table 2, No 1) in 1906 reported the first 
case that of a boy of 15, weighing about 115 pounds (or 52 kilos), 
who after seven days’ incubation period developed a severe attack of 
tetanus On the fifth day of the disease he received by lumbar punc- 
ture 4 5 c c of a 25 per cent solution of magnesium sulphate (or 0024 
gni per kilo) The first effects of the salt were noted in less than 
thiee hours and in six hours the boy’s muscles were so completely 
lelaxed that he could open Ins mouth and take nourishment On a 
leturn of his symptoms thirty-three hours after the injection, a second 
dose of 8 c c of a 12 5 per cent solution was given by the same route 
In all, the boy received five injections, each one being followed by 
marked relief and being fiee from any observable injurious results 
Tetanus antitoxin was also freely given and the case ended in complete 
lecovery Blake (Table 2 No 2) in this same article, reported the 
fiist failure of this new therapeutic procedure, in a case of Dr Mar- 
koe’s 111 which the patient, a boy of 4 years, died twenty-eight hours 
after the appearance of the first symptoms The one dose of mag- 
nesium sulphate (0 02 gm per kilo) produced only a slight and transi- 
tory aniehoi ation of the spasms 

It only would prove tiresome and also would serve no good pur- 
pose to repeat the details of these 81 cases There may, howexer. 
be some value in an analysis of the group as a whole Thus of the 81 
patients, 36 died and 45 recovered, a mortality percentage of 444 
Of those cases having an incubation period of fixe days or less (Table 
n — a group XX Inch embraces the most sex ere and almost uniformlx 
fatal cases — 6 of the 10 patients treated by intraspinal injections died 
a mortality of 60 per cent Here it must be noted that in one of the 
fatal cases no antitoxin xxhatsoexer xxas administered and often onh 



TABLE 1 Tetanus Cases Treated by Intraspinal Injections of M\cn’fsium Suipiivtl Incubation Period Under Six Dvys 







H E ROBERTSON 


681 


one dose of magnesium sulphate was given, sometimes late in the 
disease One patient (Meltzei and Auer^) died while under the 
influence of the drug, and m another (Stromeyer, Table 1, No 10) 
death apparently lesulted from respiratory failure and pneumonia two 
hours after the injection It is not improbable, however, that most, if 
not all, of these patients would have died under any circumstances 
The number is too small and each case too evidently selected for pub- 
lication to furnish data on which any certain conclusions may be based 
Anders and Morgan,"* however, in a tabulation of 216 cases collected 
by them in 1905 present statistics which afford some interesting com- 
parisons (Table 6, Nos 4 and 5) Of 38 patients having an incuba- 
tion period of flve days or less and not receiving antitoxin 36 died, a 
mortality of 95 per cent ^ In the cases of 23 patients with similar 
incubation but treated by antitoxin 17, or 74 per cent , did not recover 

The second group (that given in Table 2) includes 29 cases with 
an incubation period of six to ten days and a mortality of 48 6 per 
cent Anders and Morgan’s cases in this group"* (Table 6, Nos 4 and 
5) show 58 who received no antitoxin with 79 per cent mortality In 
the 56 cases reported by them in which antitoxin was given 40 patients, 
or 71 per cent , died Further reference to Table 6, however, shows 
that similarly computed end results may show wide variations, which 
range from 95 6 per cent mortality (Richter) of such patients without 
antitoxin, to 73 28 per cent (Irons'*), 54 5 per cent (Chattot'), 43 8 
(Kohler^), and 42 per cent (Lemonmer**) when the serum treatment 
was used 

In the third group (that in Table 3) with incubation periods over 
ten days, 29 per cent of 24 patients died Here again Anders and 
Morgan’s results^ (Table 6, Nos 4 and 5) are significant In the cases 
of 18 patients with similar incubation but not receiving serum the 
mortality was 93 per cent , while of 23 patients treated with antitoxin 
35 per cent died Irons’ mortality** for this group is 40 5 per cent 

It becomes readily apparent from all these figures as well as exam- 
ination of the details of the individual cases, not only that antitetanus 
serum holds a valuable place in the treatment of all cases of tetanus, 
whate\er the incubation period, but also that the administration of 
magnesium sulphate by intralumbar injections has brought about a 

4 Anders and Morgan Tetanus, Jour Am 2\Ied Assn, 1905 xh, 314 

5 In Richter’s scries (Chirurgie dcs Schussverlet/ungen im Knege, 1877, 
p 845), a similar group shows a mortality of 96 per cent 

6 Irons The Treatment of Tetanus by Antitoxin, Jour Am Med Assn , 
1914, Kii 2025 

7 Chattot Serotherapie antitetaniquc These de Ljon, 1909 

8 Kohler Zum gegenwartigen Stand der Serumtherapie dcs Tetanus, 
Munchen mod Wchnschr , 1898, Xo 45, p 1429 and Xo 46 p 1470 

9 Lemonnier Contribution a I’etudc du traitemcnt du tetanos. These de 
Pans, 1901 





Tlie •!l«n \ = death, the 'jIkii 0, recovery 



TABLE 3— Tetanus Cases Treated by Intiu\spinai Injections of Magnesium Sulbiiatf Incubvtion Period Over Ten Dub 
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definitel) ceilain, even if small, decrease, in the peicentage of deaths 
from tetanus, as well as causing an undoubted diminution m the agony 
and suftering which accompany the spasmodic seizures of this disease 
But oui conclusions must not rest here. Further evidence remains to 
be examined 

Tin: SUBCUTANEOUS METHOD 

In 1907 Grcely published a leport of the first case to be tieated by 
subcutaneous injections of magnesium sulphate The salt was given 
m \ery dilute solutions (for a child of 2 years, 2 drams to a pint oi 
about 0 57 gm per kilo) and Greely was unable to determine whether 
the good results obtained should be attributed “to a dilution of the 
poisons and an increase in their elimination, to a neutralizing 

action of the magnesium sulphate on the toxins of the tetanus bacillus, 
or to its antagonizing eftect on the nerve centers 

Meltzei” had preMously called attention to the efficacy of the sub- 
cutaneous method, as veil as that of the more rapidly absorbable intra- 
muscular injection 

L}on (Table 5, No 3) m the following year added another success- 
tul case, and both Hesscrt^^ and Parker^^ reported recoveries obtained 
in which the treatment, in addition to antitoxin, consisted of alternat- 
ing mtraspinal and subcutaneous injections of magnesium sulphate 
In a comparison by Stadler,^® 1914, of those cases treated by intra- 
spinal and those by subcutaneous injections of the salt, he also noted 
the apparently more favorable results obtained by the latter method 

10 Grcely is not the only one who has admimstered the salt under the 
possible presumption that it might have a specific effect on the toxin and there- 
fore prove a substitute for antitctanus scrum Experiments on animals weie 
earned out, among others by Stadlcr, Camus (Traitement du tetanos par le 
sulfate de magnesic, par I’acidc phemque, par le serum antitetamque, Compt 
rend Soc de biol , 1912, Ixxii, 109), and McCImloch and Hutchings (The Treat- 
ment of Tetanus, Jour Infect Dis , 1913, xin, 309), with a view of establish- 
ing Its worth as a cnic for the tetanus infection It seems almost needless 
to add that this presumption rests on no solid foundation of either experi- 
mental or clinical proof Meltzer and his pupils have never claimed that the 
drug could do more for tetanus victims than to relax the tetamzed muscles, 
thus conserving the patient’s strength and gaming time not only for the neu- 
tralization of all free toxin by antitoxin but also for the recovery of the nerve 
centers already affected by then union with toxic elements 

11 Meltzer and Auer General Anesthesia after Subcutaneous Injections of 
Magnesium Sulphate, Am Jour Physiol , 1906, xiv, 366 Meltzer and Auer 
The Antagonistic Action of Calcium on the Inhibitory Effects of Magnesium, 
Am Jour Physiol , 1908, xxi. No 4, p 400 

12 This latter method has never been widely employed for administering 
magnesium salts, probably because of the painfulness of the treatment 

13 Hessert The Treatment of Tetanus, Surg, Gynec and Obst, 1909, ix, 145 

14 Parker Treatment of Tetanus with Magnesium Sulphate, Jour Am Med 
Assn , 1912, Ivni, 1746 

15 Stadler Die Magnesiumsulfatbehandlung des Tetanus, Berl klin 
Wchnschr , 1914, No 1, p 15, and No 3, p 109 



TABLE 5 — Tetanus Cases Treated by Subcutweous Injections oi Magnesium Sulphate 
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* The sign + =: antitoxin given, the sign — , antitoxin not given 
t The sign X = death, the sign 0, recovery 
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Miclkc’’’ in treating a girl of less than 6 years, for sixteen clays ga\e 
each cla) 3 gin (15 cc of a 20 per cent solution) of magnesium sul- 
phate in cliMclecl closes about four hours apart The closes averaged 
from 0 5 to 0 7 gm per kilo of body weight Far from causing the 
child painful effects, she was aflorded such relief from the tetanic 
spasms that frequently she pleaded that the inteix^al between the 
injections be shortened 

The literature gi\es details of 29 cases (Table 5) in uliich the 
patients received, m addition to antitoxin and other treatment, mag- 
nesium sulphate administered exclusncly by subcutaneous injections 
Only one patient (Ro^nowski, Table 5, No 11), vho recovered, gave 
an incubation period under six days In the 12 cases beginning on the 
sixth to tenth dajs, inclusive, only one patient died, a mortality of 8 3 
per cent as compared \\ ith 48 6 per cent for the same group treated 
by the inlralumbar method Of the 6 patients ha^ mg incubation period 
abo\e ten clays and the 9 patients for whom this period is not stated, 
all recovered, giving a mortalit) for the entire group of only 3 7 
per cent 

Even admitting that the total number of cases is far too small, that 
tlie list IS also obviously composed of selected successes, and that the 
more set ere cases of shorter incubation time are noticeable for their 
absence, the result, neterthelcss, is imposing and worthy of the most 
earnest consideration 


llin IXTKAtEXOUS MCTirOD 

A third method for the administration of magnesium salts m cases 
of tetanus deserves mention, more perhaps because of its theoretical 
than because of its practical bearing Straub,’® whose earlier work 
with magnesium salts was devoted to pharmacological researches on 
their modes of action, was impressed in experiments with the sub- 
cutaneous injections of magnesium sulphate with the short, as well as 
the variable, duration of the efTccts obtained by this method To 
illustrate, he noted that in a rabbit weighing 2 kilos, 10 c c of a 2."' 
per cent solution, given in a single dose under the skin was sufficient 
to produce a maximum theiapeutic eftect lasting about twenty minutes 
If, however, that amount was divided into four equal doses iniected 

16 Mielkc Beitrag riir Behandluiig von Telaniis nut Magnesiumstilfuncum, 
Therap Monatsh , 1914, No 4, p 259 

17 The one patient who died (Czerny Zur Therapie des Tetanus, Deutsch 
med Wchnschr, 1914, No 44, p 1905), had practically completely recovered 
from tetanus symptoms and death on the twelfth day was said to have been 
caused by pneumonia 

18 Straub Experimentelle Untersuchung uber Wesen und Aussicht der 
Tetanustherapie mit Magnesiumsulfat, Munchen med Wchnschr, 1915, b 
p 25 Tetanustherapie mit Magnesiumsulfat, Munchen med Wchnschr, 1915, 
No 10, p 341 
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THE IRCl JIVES OE JNTLl^NAL MEDICINE 

cit fiftecn-niinutc inter\al‘?, no cfifcct whatsoever was seen, w'hile, on 
the other hand, if the four doses wcie injected into four different 
plticcs at tile same time the amm<il w'ould die m a few' minutes From 
this he concluded that tlie action of magnesium sulphate follow's solely 
from Its rapid ahsorplion into the circulation and that the intensity of 
this action is diiectly proportional to the amount of concentration 
which the salt reaches m the blood stieam As the kidneys are the 
mam route for the elimination of the drug, he w'as able to further 
establish his contention by measuring the rate of excretion m the urine 
compared with the duration of the eflects Naturally, the rate of 
absorption from subcutaneous injections vanes within w'lde limits 
depending upon site, amount, concentration, etc , and hence the leason 
for the \arymg intensities and durations of action 

The logical application of these statements is obvious and Straub^® 
proceeded to lest it by the tontinuous mjeclion into the blood of ani- 
mals of a magnesium sulphate solution in such concentration that the 
pharmacological eflecl w'ould be constantly maintained and at such a 
rate as W'ould approximately equal that of its elimination in the urine 
As these tests seemed to demonstrate the ^alue of the method, it 
remained only to test its application on actual cases of human tetanus, 
a proceeding w'hich a few' months later (1915) Straub w'as able to 
report Four patients w'cre treated w'lth a continuous intravenous flow' 
of a 3 per cent solution of magnesium sulphate In the first (a case 
of light local tetanus) a rate of 100 cc in IweKe minutes w'as con- 
tinued for one hour w'lth no effect The rate w'as then increased six 
times, so that 100 c c entered the circulation every tw'O minutes, and 
typical and satisfactory eflects w'cre observed This observation was 
repeated on the follow'ing day w'lth similar effect and apparently dem- 
onstrated that the action of the salt depended solely on its concentration 
in the blood The next trial w'as on a scveie case of tetanus m w'hich the 
first symptoms had appeared eight days after fracture of the arm caused 
bv a bursting shell The mouth could not be opened, speech w'as difficult, 
EW'allow'ing impossible, and painful paroxysms of the neck muscles 
were frequent After the inflow' of a 3 per cent solution at the rate 
of 25 c c every two minutes, all pain, spasms, and paroxysms disap- 
peared and the patient could talk and drink fluids One hour after 
stopping the flow the symptoms began gradually to reappear, to be 
again conti oiled by another injection The interesting observation w'as 
made that the muscles affected by the spasms w'ere acted on before the 
normal muscles and that doses far too small to produce any disturb- 
ance of the respiratory centers were sufficiently effective As the con- 
stantly continuous flow' proved too great a burden on the circulation 
(kidneys^), the intermittent method of application was found most 
suitable In at least one case the canula was fastened into the vein 
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and the solution allowed to enter whenever the condition of the patient 
demanded, for example, for nomishment, changing of diessings, sleep, 
or too severe muscular spasms In the case of one patient who recov- 
ered this procedure was continued foi eight days The dangers of 
thrombosis were apparently countei acted by the coagulation-inhibiting 
properties of the magnesium solution and examination of the veins 
on necropsy failed to disclose either thiombus or demonstrable injui> 
to the vein wall Chemical examination of the urine showed that the 
excreted amounts of magnesium were about equal to the intake 

The actual application of Straub’s method in severe cases of tetanus 
proved disappointing as far as its influence on the eventual outcome of 
the disease was concerned and its manifest dangers resulted in a sus- 
pended judgment as to its true worth 

These experiments have been described in some detail because they 
undoubtedly illustrate in a \ery forceful manner not only the theo- 
letical consideiations governing the action of this salt but also some 
of the difficulties which must be encountered in its use, as well as the 
evident value of its properties in the routine treatment of tetanus 

ACCinnxTs in the use of the salt 

As staled above, it must be admitted that, in general, narcotic, anes- 
thetic, or antispasmodic drugs depend on a toxic action for their use- 
ful eltects, and such effects are always obtained at a distinct cost to 
part or all of the vital functions of the body In the use of magnesium 
salts 111 tetanus there is considerable evidence which leads to the belief 
that these are no exception to this geneial rule In short, there have 
been shown, both experimentally and in cases of tetanus, distinct dan- 
gers associated with the injections of magnesium sulphate, which dan- 
gers must be regarded as an important factor in determining the 
rightful position which should be accorded to the salt as a remedy 
For example, when an overdose of magnesium sulphate in solution is 
injected rapidly into the blood stream, almost instantaneous death 
sometimes occurs This eliect is probably brought about by its direct 
action in concentrated form either on the heart itself or on the cardiac 
centers of the spinal cord At any rate the heart suddenly ceases to 
beat, even before cessation of respiration As a rule, this misfortune 
follows only a huge or highly concentrated dose and takes place almost 
solely as the result of intravenous administration That such is not 
always the case, however, was demonstrated on several occasions m a 

19 In this connection it should be noted that Meltzer (Meltzer and Auer 
Einiges ztir Physiologie und Pharmakologie des Magnesium und Kalzium, 
Deutsch med Wchnschr , 1909, No 45, p 196) , distinctly states that the use 
of magnesium sulphate in tetanus by intravenous injections should not be con- 
sidered (“Intravenose Einspritzungen sollen beim Menschen gar nicht in 
Betracht kommen ”) 
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senes ol cxpcriinents in winch I was endeavoring to substitute intra- 
abdomnial foi intravenous injections of magnesium sulphate m the 
treatment of expeiimental tetanus m animals Large and concentrated 
doses often led to sudden intenuption of the heart’s action and this 
effect was pioduced almost as lapidly by the mtraperitoncal as by the 
intia\enous route This accident was ne\er observed to follow sub- 
cutaneous injections but some icports on patients treated by the mtra- 
Inmbar method suggest strong!} that here also there may be a possible 
dangei to the c.irdiac appaiatus While this accident, wdien it does 
occui , has no known remedy, death taking place almost immediatel}, 
It must be admitted that, with ordinary precautions, it is not to be 
expected Indeed, Mclt/er h.is stcadil) denied it*: possibilit}^ asserting 
that the salt’s dangerous action is exerted mainly if not solely on the 
lespir.itory centers Ilowcwcr. the abo\ e-mentioned facts lender 
nccc‘^sar\ further siiuh on this point and in the iiieanUmc its use in 
cases of known cardiac weakness certainly deserves some caution 

Ihe most imjiortaiit and frequent accident lesulting fiom the use 
of magnesium salts is interference wnth rcsjnration, that is, respiratory 
paralysis This effect apparently is produced by the salt’s acting 
dncctly on the centers of respiration, and while Meltzei, among others, 
earl} demonstrated that tetanized muscles could be relaxed by appro- 
priate doses WMthout endangering the respiration, nevertheless the 
danger was such a ical one that the need for some antidote became at 
once apparent Long before magnesium sulphate w^as proposed for 
the treatment of tetanus the antagonistic action between the salts of 
magnesium and calcium had been obsened (Loeb"'’) Later Meltzer 
showed by expeiimcnts on rabbits that calcium can remove the inhibit- 
ing efiect of magnesium He administered subcutaneously 7 c c of a 
25 per cent solution of magnesium sulphate and w'hen the animal w’^as 
in deep anesthesia and the muscles completely relaxed, injected slowdy 
into the ear vein 6 to S c c of a 3 per cent solution of calcium chlorid 
In a few moments the respirations became deeper and more rapid, the 
Iid reflex reappeared and the animal attempted to get up, often befoie 
the injection was entirely finished Several minutes later the animal 
was apjiarently entirely normal This effect ensued even wdien the 
respirations had entirely ceased, in fact as long as the heart action 
remained intact The same result was obtained in experiments on 
monkeys, and occurred no mattei whether the magnesium sulphate 
had been injected subcutaneously, intramuscularl}'’, or intravenously 
This neutralizing action was not so apparent w^hen the magnesium 
salt was applied directly to the medulla or the nerve trunks or injected 
into the subarachnoid space Hence, for combating its effects after 


20 Loeb Jour Biol Cheiu , 190S-1906, i, 427 
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inlralumbar injections it ^\as suggested that washing out the suharach- 
noidal space \Mth physiological salt solution would rapidly relieve the 
depressent action of the magnesium Physostigmin was also shown hy 
Joseph and Meltzer-^ to act as an efficient remedy against the threat- 
ened lespiiatoiy depression of magnesium salts 

Kocher,-- who was an early champion of the use of magnesium 
sulphate m tetanus, expeiienced consideiahle difficulty with this com- 
plication In some of his early cases he was compelled to perform 
tracheotomy and e\en proposed this procedure m severe cases as a 
routine precautionary measure He also tested the effect of physostig- 
min, washing out the intralumhar space with salt solution and tracheal 
insufflation He was finally led to recommend that when the salt was 
injected into the spinal canal, the patient he elevated to a sitting or half 
reclining position to prevent its eail}'^ diffusion to the vital centers 
Kocher later (19H) ahandoned entirely the intralumhar method in 
children hut intimated that in adults he feared the effect on the heart’s 
action of suhcutaneous injections although admitting that in general 
they were “much milder and less dangerous” than lumhar injectioiib 
and oxerdoses could he easily controlled hy the use of 5 pei cent 
solutions of calcium chlorid, or hy physostigmin He proposed a well- 
known modification of the tracheal insufflation method devised hv 
Meltzerf to aid artificial respiration It is of interest to note that after 
a Urge and varied experience with its use Kocher concluded that in 
magnesium sulphate we ha\ e a most important remedy for preventing 
the fatal outcome of se^ere cases of tetanus Falk-^ among others 
tested the efficacy of calcium chlorid in respiratory paralysis which 
appeared in two of his cases and found prompt hetterment following 
intmiuit<;culai injection of 5 c c of a 5 per cent solution 

I have dwelt on this complication at some length hecause it con- 
stitutes the most serious objection to the use of magnesium sulphate in 
tetanus Moreover, this danger seems to he exaggerated when the 
salt is administered intralumbarly not only because ot the possibility 
of directly diffusing toward higher centers in too great concentration 
but also because remedies such as calcium chlorid or physostigmin are 
not so efficient under these circumstances With subcutaneous injec- 

21 Joseph and Meltzer The Life-Saving Action of Physostigmin in Poison- 
ing bv Magnesium Salts, Jour Pharmacol and Exper Therap , 1909, i. No 3, 
p 369 

22 Kocher Erfolge emer neuren Behandlungsmethode bei Tetanus, Cor-Bl 
f schweiz Aerzte, 1912, No 26, p 919 Weitere Beobachtungen uber die 
Heilung des Tetanus mit Magnesiumsulfat, Cor-BI f schweiz Aerzte, 1913, 
No 4, p 97 

t Meltzer Pharyngeal Insufflation — A Simple Method of Artificial Respira- 
tion, Studies from the Rockefeller Inst , 1913, xvi, No 6, p 421 

23 Falk Zur Behandlung des Tetanus mit subkutanen Magnesiummjektionen, 
Deutsch med Wchnschr , 1914, xl, 1689 
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lions, ^\llcn respir.Uions become embarrassed we arc not <;o helpless 
Subcutaneous, mlr.unuscular, or even mtra\cnous injections of calcium 
chloiid m 5 per cent solution give prompt and often complete relief 
Physostigmin and artificial rcspiratioir^ ma) also pro\c efficacious 
How'c\cr, the danger lio\crs ncai m c\ciy case in wdiicli the ther.i- 
pcutic limit is reached and as this limit and the maximum desired effect 
arc often nearly identical, it becomes necessary to watch these patients 
\ciy carefully after the administration of large doses and make prepa- 
rations m ad^ancc to lapidly administer measures of relief when 
needed 

1 he remaining complications cannot be considered as of major 
importance, but the} should be kept in mind and, when possible, pre- 
\cnted Retention of urine, supposed to be caused by paralysis of the 
muscles, has often been obscr\cd, among others, by Kochcr-- (Table 
2, Nos 19, 20, 21, and 22, Table 3, Nos 16 and 17), Rnct, Bricout, 
and Weill Kochcr suggested that the administration of pin siological 
saline under the skm would rchc\c this condition and, aside from the 
occasional ncccssit\ of cathctcri/ation no serious results ha\e been 
reported In ni} evpenments with animals this complication has not 
been noted 

Another objection often laised, csjieciall) to subcutaneous injec- 
tions of the salt, is the supposed painfulncss The c\idencc in this 
respect ^arlcs Stadlcr irncstigalcd the subject In making injections 
into his owm tissues of solutions of ^ar}ung strength Pie tried 5 5 
per cent (isotonic), 11 per cent, 22 per cent, 35 per cent, and 50 
per cent solutions and found that, wdiilc the 5 5 per cent and 11 per 
cent solutions w'cre less imnicdialcl} irritating but w'ere later follow'ed 
by pain, the momentary pain of the stronger mixtures (22 to 50 per 
cent ) on the othei hand, completely disappeared m a short time He 
Ihcrefoie recommended 30 to 40 per cent solutions, adding that the 
smaller volume of these injections wms in fa^or of their employment 
Mielke’” also recommended the employment of more concentrated 
solutions as being less painful Pie further suggested the preliminary 
administration of chloral for the purpose of lessening pain and also to 
prevent the occuiieiice of muscular paroxysms during the injections 
Fdlk^^ thought the solution bettei borne and less painful in dilutions 
from 10 to 25 per cent He, however, w^arned against the painfulness 
oi the injections and advised preliminary small injections of morphin 

24 Willcts (The Treatment of Tetanus with Subarachnoid Injections of 
Magnesium Sulphate, Pennsylvania Med Jour 1909-10, xin, 863), 

cases, used artificial respiration for six hours with final recovery He believes 
such attempts are often abandoned too soon 

25 Rivet, Bricout, et Weill DeuX cas de tetanos traites per la serotherapie 
le chloral et les injections intrarachidiennes de sulfate de magnesie. Tribune 
med , Pans, Dec 18, 1909, p 805 
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or no\ocain WieseP'^ also preceded each injection by novocain to 
relieve the pain On the other hand, Roznowski (Table 5, No 11) 
ga\e his patient 60 subcutaneous injections, and, except for the devel- 
opment of an abscess after one of the treatments, no pain was felt at 
the local point of injection 

On the whole there is little doubt that the injections, especially 
subcutaneous, are apt to be painful This, however, can be readily 
controlled by local anesthetics The concentrated solutions are prob- 
ably best borne, although m Greely’s cases, where a less than 2 per cent 
solution uas used, no mention is made of distress at the point of 
injection 

There has been little attention devoted to studies of the actual 
lesions which may result from the presence of the salt in the subcu- 
taneous or intramuscular tissues Abscesses and occasional sloughing 
and gangrene are mentioned, but the absence of secondary infection in 
these cases was not demonstrated Rcingruber-" mentions experiments 
of Ahrens in which comparisons were made in guinea-pigs of the 
eftects of subcutaneous injections of magnesium sulphate, sodium sul- 
phate and sodium chlorid in solutions of difterent strengths In 
twenty-four hours magnesium sulphate caused a slight inflammatory 
reaction, which m forty-eight hours, developed into a gangrene more 
diftuse than that produced by the sodium salts In all the numerous 
injections of magnesium sulphate uhich I have made in rabbits, 
guinea-pigs, and rats, no gross lesions weie observed beyond occasional 
diffuse hemorrhages It often happened that as high as six subcu- 
taneous injections of maximum doses of a 25 per cent solution were 
given during a single day without evidences of seiious lesion or dis- 
comfort on the part of the animal 

What may possibly be a more serious complication is the probable 
action of magnesium salts on the kidneys Peck in 1913““ in a study 
of the urine of cases of magnesium sulphate surgical anesthesia found 
hj^ahn casts in three out of five cases, which casts were not present 
before opeiation and disappeared after two days In one case the 
urine showed traces of albumin also Gates““ tested this matter in 
experiments on dogs and found that sublethal doses of magnesium 

26 Wiesel Bencht uber Beobachteten Tetanusfalle, Off Proto d k k 
Gesell d Aerzte in Wien , Wien klin Wchnschr , Nov 27, 1914, No 49, p 1575 

27 Reingruber Ueber die Behandlung des Tetanus nut subkutanen injek- 
tionen von Magnesium-sulfuncum, Therap Monatsh , 1915, xxix, 148 

28 Experiments are now being conducted in this laboratory on the local 
pathologic changes caused by subcutaneous and intramuscular injections of 
magnesium sulphate 

29 Peck The Occurrence of Casts m the Urine Following Magnesium Sul- 
phate Ether Anesthesia, Proc Soc for Exper Biol and Med , 1913-14, xi, 103- 

30 Gates The Experimental Production of Hyaline Casts by Injections of 
Magnesium Salts, Proc Soc Exper Biol and Med , 1913-14, xi, 102 
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sulphate intianniscularly or intra\cnously would regularly ])roducc the 
temporary appeaiance of h}ahn casts in the uinie Neither epithelial 
or granular casts nor albuminuria were present In Straub’s^*’ experi- 
ments the large amounts of sulphate solution thiown into the blood 
stieam must hn^e placed an enormous burden upon the kidneys 
Careful recoids of excietion wcic prcser\ed but there ^^as no mention 
of casts or albuminuria, although it is not certain that examinations 
were made foi these elements The subject ^\as deemed of suflicient 
importance to justif} further experimentation, and m conjunction 
with Di IMargarct Warwick nnesligations arc being conducted on 
rabbits and other animals to determine the exact eftects of the salt on 
the kidneys Dcfniitc conclusions ha\c not }ct been reached, but some 
cxidcnce h.is already accumulated which tends to indicate a slight toxic 
action on the icnal epithelium This is undoubtedly not of a sex ere 
enough grade to justify abandonment of the drug, but certainlx con- 
tinuous xxatch on the condition of the urine is indicated and in cases 
xxith an existing lesion of the kidnexs consider.ible caution must be 
exercised m its use The fact that the mam, if not the sole, path of 
elimination is b\ xxax' of the urine xxould alone justify such a xxammg 

There is no evidence that any organic changes are produced bx' the 
salt m othei structures of the body, such as brain, spinal cord, nerxe^ 
or lic.irt muscle and, xvhile no rcpoitcd inxcstigations liaxc been made 
along these lines, xve may safely assume that in therapeutic doses at 
least, these structures xxill not be seriously affected 

LSi: or THE kemeox in the present xxxxr 

No rexicw of tins subject xxould be complete xxOiich does not men- 
tion the practical apiilication of magnesium sulphate in tetanus seen 
during the piesent European war Wars haxe alxxays shoxxm a high 
peicentcige of tetanus among the xx'ounded and this conflict is no excep- 
tion to the general rule 

Before prophylaxis xvas used routinely on all the fronts, man) 
cases of tetanus dex^eloped, and xxdnle ideal therapeutic studies haxe 
been impossible because of the existing conditions, nexertheless there 
haxe appeared from time to time many interesting reports xx^hich 
deserve brief consideration Because of the apparently greater inci- 
dence of tetanus in the early part of the xvar among German soldiers 
many of these reports hax’^e appeared in the German literature As 
xvould be expected, exceedingly variable opinions are expressed The 
group of physicians arrayed against the use of magnesium in tetanus 
is an imposing one It includes such men as Czerney,®^ xxdio, admitting 
the quieting and pain-dinnnislnng eftects, xvas not conxnnced it had 

31 Czerny Einleitung in die Kriegcliirurgie, Deutsch med Wclinschr , 1914, 

No 40, p 1806 
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any real \alue Angerei,^- who early abandoned its use, Kreuter,^^ 
who had lost two cases in spite of the salt, Hochhaus,^'* whose not 
o-verenthnsiastic comment classes magnesium sulphate as ei 7 i iecht 
bi anchbo) es Miitel, Muller,®'^ Hohmeiei,®® and Goldscheider,^" all 
of Avhom experienced “no certain success” or “no good success,” 
Madelung,'''^ who reserves final judgment, and Matthes,^® who believes 
Its good influence is limited to the first injection 

Other ^^orkers are not so pessimistic and some fiankly praise the 
beneficial effects of magnesium Thus, Eumke^° tried intralumbar 
injections up to 10 c c of a 10 per cent solution in eight very severe 
cases Four patients recovered, in two the injections having a sur- 
prisingly good effect He states that all complained of a constricted 
feeling in the lower pait of the chest and heart region following the 
injection, and some suffered from illusions of hearing and halluci- 
nations, which were relieved by moiphin He thinks the magnesium 
therapy is the best symptomatic method of treatment yet devised 
WieseP'' studied 12 cases in Eiselberg’s clinic in Vienna, using the salt 
subcutaneously up to 80 c c of a 25 per cent solution m one day and 
concluded that the combination of magnesium sulphate and chloral 
gave the best effect of all the narcotics 

Usener,^^ an enthusiastic advocate, used for a patient who was 
severely affected but who recovered, over 40 subcutaneous injections at 
intervals of two to four hours He found 50 per cent solutions the 
least painful No dangerous symptoms appeared Dreyfus and Unger^- 
treated 32 patients with 22 recoveries (mortality 31 per cent ) They 
attribute their success to large doses of antitoxin and a definite narcosis 
therapy This latter consisted of morphin, “luminal” or scopolamin 

32 Angerer, A Behandlung dcs Wundstarrkrampfes, Munchen med 
Wchnschr , 1914, No 45, p 2226 

33 Kreuter Ueber einige praktische wichtige Gesichtspunkte in der Tetanus- 
frage, Munchen med Wchnschr , 1914, No 40, p 2045 

34 Hochhaus Erfahrung uher die Behandlung des Tetanus, Munchen med 
Wchnschr , 1914, No 46, 2253 

35 Muller Einige Ratschlage fur die Behandlung des Wundstarrkrampfes, 
Munchen med Wchnschr , 1914, No IS, p 2257 

36 Hohmeier Ueber Behandlung des Tetanus, Munchen med Wchnschr , 
1915, No 5, p 160 

37 Goldscheider Khnische Beobachtungen uber Tetanus im Felde, Berl klin 
Wchnschr , 1915, No 10, p 229, and No 11, p 268 

38 Madelung Ueber Tetanus bei Knegsverwundeten, Munchen med 
Wchnschr , 1914, No 52, p 2441 

39 Matthes Munchen med Wchnschr , 1915, No 5, p 160 

40 Eunike Zur Tetanusbehandlung mit Magnesiumsulfat, Munchen med. 
Wchnschr , 1914, No 45, p 2225 

41 Usener Indikation fur die subkutane Magnesiumsulfatbehandlung des 
Tetanus traumaticus, Munchen med Wchnschr , 1914, No 48, p 2323 

42 Dreyfus and Unger Die kombinierte Antitoxinuberschwemmungs- und 
Narkosetherapie des Tetanus, Munchen med Wchnschr, 1914, No 51, p 2417 
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(00005 gm ) combined with intramuscular injections of magnesium 
sulphate They fust ga\c 20 gin and over per diem but found these 
were daiigcioub gnem intramuscularly and that 20 c c of a 25 per cent 
solution three times a d.u woic sulTicient to control paroxjsms In 
cccasion.il \cry sc\cic eases 8 to 10 cc of a 15 per cent solution 
wcie injected into the spin.d canal WicncrO'’ obtained good thera- 
peutic cftects by subcutaneous injections of 10 cc of a 40 per cent 
solution Of 40 p.iticnls treated only 16 died (40 per cent mortality) 
I'lnalh from .m experience with 25 eases Gnindman'*^ states that 
mrigncsium sulphate surpas'-cs all other narcotits m the treatment of 
this disease 

Rcpoits from the other waning nations are comparatncK few in 
mimbci and meagei in details Fcinmann^' collected 95 cases of 
tel.unis among 6h,110 wounded Russians m the hospit.als of D\insk 
Of these 74 jiaticnts died (78 per cent ) lie saw no good results 
following the use of cithci scrum or magnesium salts DcrujinskO'’ 
on the other hand, rojiorls rcco\cr} in fne out of six eases of tetanus 
treated with m.igncsium sulphate In France Monod‘* reports using 
foi tetanus cases hea\\ doses of chloral and intraspmal injections of 
magnesium sulphate with rcm.irkablc cficcts Schoute^® saw two 
icco\crics 111 three eases of tetanus among Belgian soldiers treated 
with magnesium suljihatc b} mtr.ilumbar injections 

Somewhat more complete is the rc\icw of tetanus for the first 
year of the war in the military hospitals of England, which is gnen 
b}' Sn David Brucc^'* in the Louccl He found records of 231 cases 
w Inch show eel a group mortality of 57 7 per cent as compared w ith a 
mortaht> of 78 2 per cent foi 179 eases among British soldiers treated 
m France Among these, few' icccivcd treatment wnth magnesium sul- 
phate Tavo patients (Table 2, No 29) w^erc gnen 2 cc of a 25 
per cent solution intraspinaliy In the case of one of these the dose 
was repeated twnce wnth recovery Two other patients recened similar 
treatment, one of them 7 cc of a' 25 per cent solution In another 
ease one dose (amount not given) w^as injected subcutaneously In 

43 Wicnert Zur Thcrapic dcs Tetanus, Deutsch med Wchnschr, 1915, 
No 4, p 107 

44 Grundmann Mcinc Beobachtungen uber Tetanus ira Fneden und im 
Felde, Berl klin Wchnschr, 1915, No 8, p 180 

45 Feinmann Symptoms and Treatment of Tetanus, Russk Vrach, 1915, 
XIV, No 39, p 931 

46 Derujinsky Recovery in Five Out of Six Cases of Tetanus Umier 
Magnesium Sulphate, Russk Vrach, 1915, xiv, No 14, rev in Jour Am Med 
Assn , 1915, Kv, 1067 

47 Monod Acad de med , Pans, 1915 

48 Schoute Behandlung van Tetanes traumaticus met inspiutingen van 

magnesiumsulfat, Wederl Tijdschr v Geneesk, 1914, ii, 1839 nr., 

49 Bruce An Analysis of Cases of Tetanus Treated m Home Military 
Hospitals, Lancet, London, 1915, ii, 901 
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other cases it was given by the mouth and rectum These details are 
important as they show how unfair it would be to base judgments on 
the effect of a drug which was employed with so little recognition of 
the principles governing its proper use Of the nine patients treated 
seven died The author concludes “that this method of treatment is 
powerful and not without danger so that great caution ought to be 
used 111 Its exhibition ” 

It seems particularly fitting to close this review with a brief refer- 
ence to the latest “magnesium” article by Meltzer,°° printed in both the 
Bolmc) khni^che Wochcnschnft and the Lancet He first emphasizes 
the possibility that the cause of death in tetanus may be a direct result 
of the severe and exhausting spasms and that, by controlling these 
A^nth magnesium sulphate, the life of the patient is lengthened and 
thereby his chances of recover}^ are increased, because of the forma- 
tion w ithin the body of antitoxin and the ability of the affected nerve 
cells to leturn to a normal state He believes that magnesium narcosis 
IS due to the passing of the magnesium sulphate out of the lymph 
stream into the free space which contains the points of contact of the 
branches of two or more neuron systems, where the salt interrupts 
the conductivity of afferent and effeient impulses through the neurons 
Thence arises the naicosis, the analgesia, and the relaxation of muscles 
In discussing the various modes of administration, attention is again 
directed to the following points The dosage by the intraspinal route 
should be 1 c c of a 25 per cent solution for every 10 kg (22 pounds) 
body weight; the effect of a 25 per cent solution, which is nearly 
molecular, is sharper and more certain than that of less concentrated 
solutions and that there is no clear evidence in the literature showing 
any toxic action of such injections on the heart, in cases of respiratory 
disturbance (which in his experience are very infrequent) one needs 
only to wash out the spinal canal with physiological saline, remember- 
ing that calcium chlorid, physostigmm or eserm do not afford relief in 
this particular method , and, finally in children Kocher’s failure with the 
intraspinal method and Falk’s success with the subcutaneous are per- 
haps due to the more rapid diffusion in the subdural and arachnoidal 
spaces of brain and cord in children, compared with adults, as well as 
the more rapid absorption of the salt from the subcutaneous tissues of 
the former 

The subcutaneous method gives a slower and hence a possible cumu- 
lative action, so that small doses frequently repeated are sufficient in 
many cases to produce a continuous effect He emphasizes the sharp 

50 Meltzer Magnesmmsulfat bei Tetanus, Berl klm Wclinschr , 1915, No 
11, p 261 Use of Magnesium Sulphate in Treatment of Tetanus, Lancet, Lon- 
don, 1915, 1 , 4791 

51 This space has been designated by Sherrington the synaptic membrane 
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fhstmction to be ni.ulc between siibciii.meou'^ and nitraniuscular injec- 
tions, the latter .icting in a mucli more rajnd and lienee more toxic 
mannci 1 hercforc, caution is to be used not to jienctratc accidentally 
too decpl) with the mjectinp^ needle 'J'he fact is leitcrated that mag- 
nesium salts cncrgi7c the anesthetic properties of ether so that a com- 
bination of the two in small doses leads to a deep narcosis and relaxa- 
tion w’liich IS of considerable duration Chloroform and other nar- 
cotics do not possess this propert}' to nc.irh so marked a degree He 
states that nephritis contraindicates the method for (at least) surgical 
anesthesia Meitner notes that a signal aih.intagc of the subcutaneous 
method IS the case of controlling an) dangerous effects of the drug 
The administration of 1 mg of ph)sostigmin or cscrin (0 0015 gm 't, 
the injection of an isotonic solution (about 2 per cent ) of calcium 
chlorid into the muscles in doses of .ibout 50 cc or into the ^elns of a 
2 per cent solution in physiological saline up to 500 c c , being sufficient 
to rcmo\ e at once the depressn c action of the magnesium salt 

Lastl), in the routine treatment of tetanus Mclt7cr recommends 
starting with a subcutaneous injection of 0 3 gm or 1 2 c c of a 25 
per cent solution per kilo (about 10 cc for a normal male adult") 
repealed four times a day If sc\crc spasms occur, ether should be 
used and the dose of m.igncsium increased to 0 5 gm per kilo (16 cc 
of 25 per cent solution for adult male) The bladder nia) need to 
be emptied by cathctcn7ation In case of danger from respirator) 
failure one can resort to the remedies mentioned abo\e as well as the 
application of an Esmarch bandage to hinder absorption of the salt 
In desperate eases artificial respiration should be used If the symp- 
toms are too severe or the subcutaneous injections fail, the intraspinal 
method is adMsed Antitetanus senim should ahva}s be used 

To this admirable summary of this subject by Meltzer there is little 
to add in conclusion There can be no doubt in the minds of those 
w’ho review' the evidence that in magnesium sulphate we possess a most 
Aaluable addition to our armamentanum m the treatment of tetanus 
No such imposing array of facts can be brought forw'ard m favor of 
chloral or allied narcotic agents, even granting their occasionally 
apparent good effects 

One further point needs emphasis It is clearly evident that the 
drug must be used boldly, if its maximum therapeutic effect is obtained, 
that this bold use is subject to certain dangers, undoubtedl)' greater in 
some patients than in others, that these dangers, wdien threatening, may 
be rapidly relieved b)' simple and easily applied measures, and that, 
therefore, while this salt is being used, the patient must be under con- 
tinuous expert attendance, with preparations already made to admin- 
ister, rapidly, restorative remedies In my studies of the treatment of 
tetanus both m man and in animals I have been struck by the need of 
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constantly watching the patient’s condition The disease at its best is 
a most despeiate one and our remedies must be used as soon as possible 
and their therapeutic limits attained at the earliest possible moment 
It is only 111 this way that good results may be expected in severe cases 
We watch a patient under anesthesia, a woman in childbirth, a case 
threatened with internal hemorrhage How much more important in 
tetanus, with almost sure death before us, that we employ our resources 
to the limit and inimediately meet every change with the necessary 
maximum therapeutic measure ^ 

The treatment of tetanus has not yet reached the ideal stage 
Prophylaxis of all dirty iiounds is still our surest weapon of defense 
However, it is difficult to avoid the conclusion that m outbroken cases, 
in addition to antitoxic serum, one’s duty is sadly neglected if early, 
Mgorous, and continuous eftorts are not made to control the spasms, 
rehe\e the distress and pain, and give rest and nourishment by subcu- 
taneous injections of magnesium sulphate in amounts large enough 
and given often enough to bring about the desired results 
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haAC adopted the following standards with which to compare the 
mctaboliMn of iny f.it subjects 


Age, Years 

Male 

Female 

13 

46 


IS 

43 5 


20-30 

390 

37 0 

30-10 

380 

36 0 

*10-50 

360 

34 0 

50-60 

350 

33 0 


These st.indards while to a ccrt<iin extent arbitrar}, arc, I bche\c, 
fairl} near the real a\eragc In choosing them I used DuBois’ age 
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cune, assuming that changes in the metabolism due to age, expressed 
in teims of Meeh’s aiea, would run parallel with those expressed in 
teims of the linear formula area 

The clinical data on the new subjects are as follows 

Case 1 — Mrs L L , aged 36 Has had pneumonia twice Five pregnancies, 
four of them ending in miscarriage Positive Wassermann now Left ovary 
removed eight years ago, since then there have been neither pregnancies nor 
catamenia Her attitude toward sexual matters is normal She is nearly always 
thirsty and has a definite polyuria Some dyspnea on exertion Her appetite, 
she says, is very good Slie leads a sedentary life Has always been fat At 
15 3 ’ears she weighed 190 pounds , at 20, 200 pounds , at 35, 375 pounds Physi- 
cal Examination Enormous obesity, slightly irregular pupils, knee jerks 
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Has been on pituitary substance 
(B W & C) for last 6 days 
Started at 8 grains and increased 

0C9 


32 7 

15 3 



— 92 

i 

1 



1 

to 24 giains per day 

0G8 

1 

G5 ' 

1 

36 7 ' 

16 9 

2,020 

34 

-t 79 


0C5 

C8 i 

1 

301 

16 9 

1,010 

30 5 

— 1 1 


0 76 

C8 ’ 

33 0 

16 8 

1,705 


— 96 


0 77 

1 

68 

33 9 

1G3 

1,740 


- 71§ 

Has been on thyroid extract for 



last 5 days Started at 1% grain 
per day and Increased up to 7)^ 
grains per day 

1 

i 

1 

1 




0 07 

CO 

33 5 

16 4 

1,685 


— 8 2§ 

No food for 48 hours Has been 




on ovarian extract (Armour) for 

0 705 


34 5 

1 1C 3 

1 



— 5 6 

last 5 days Started at 2 grains, 
worked up to 16 grains per day 

0 85 

65 

33 9 

17 3 

1,715 

37 

— 84 


0 98 


40 7 

20 5 

2,010 

38 5 

-i- 67 


0 80 


40 2 

28 3 

1,630 

46 

-t 08 


0 80 


42 9 

231 

2,190 

39 

-flO 




i 37 9 

i 

191 

1,950 

35 

-1-83 



} It will bo noted that In the case of Mrs L L , Mrs I and Mrs Sha the R Q is very low This 
undoubtedly due to the fact that these patients were on a very low carbohydrate intaLe 
§ Not included in averages 
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absent, and a larpc \cntral hernia, otlicrwisc nepatne Blood, urine, pulse and 
blood pressure normal Sugar tolerance no reduction after ISO pm kvulose 
\er\ slight reduction after 200 gm of IcmiIosc Rocntgcri-ra\ Examination 
Sella turcica normal 

Casi 2 Mrs Mel , aged 46 Nothing remarkable about history or physical 
examination Xorni.il sa%c for obcsit\ Had aUsajs been stout Weighed 
2s0 pounds when she was 16 jears old She has afwa>s been a heavy eater 
and IS particularb fond of sweets Has led a scdcntar> life At the present 
time she IS passing through the menopause 

Casi 3 — Mrs Slia , aged 30 Has had two miscarriages and fi\e pelvic 
opciations riic last operation fi\c 3 cars ago, U which tunc all the pelvic 
organs were rcnio\ed, there hasc been no catamenia since Before that she 
had been quite thin but following tins last operation gamed weight rapidly 
and stcadih to the present tune She s.i>s that she is not a hcaay eater 
Leads a fairh acti\c life Phjsical Exammation Ncgatisc sasc for obcsitj 
Sugar tolerance sugar appeared after 150 gm of Icvulosc 

Casi 4 ^ — Misq M Has been stout since the age of 15, at which time 

she had a “goiter” without s 3 mptoms of Inpcrtluroidism, neck at that time 
measured 16 inches rollowmg this, had some sort of medication 63 mouth 
for two scars md neek went down to 14 inches Eats \cr 3 little, and leads 
a acr 3 actue life, yet gains weight stcadil 3 Catamenia started at 13 and hase 
alwa 3 S been regular Skin is rather dr 3 , but she perspires normall 3 , hair 
has been falling and getting brittle Docs not feel the cold particularl 3 and 
IS neither ner\ous nor abtiormalU placid Ph 3 sical Examination Unimportant 
except for the obcsit 3 

C\sr 5' — Mr 7 Pcrfcctl 3 hcalth 3 medical student of 30, has been gaming 
weight for the hst fnc 3 ears Sa 3 s he docs not oscrcat 

Casi 6 — H S, bo 3 , aged 13 ^Vlwaas has been \cr 3 fat, as base all his 
famiK Has been well save for numerous upper respiratory tract infections 
Eats large quantities of c irbol^dratc food, and cats continually between meals 
Ph 3 sical Examination Shows marked obcsit 3 , small genitalia (though patient 
says erection and ejaculation occur), female t 3 pc of breast, no pubic or 
axillary hair E 3 C grounds and visual fields normal Rocntgcn-ra 3 ' Examina- 
tion Sella turcica normal 

7 — Mr P A M, a normal man of 24 Has been stout since bo 3 hood 
Is a fairl 3 ' hca \3 eater and takes little exercise 

Casi 8 — Mr Cii , man of 54 Has been aery stout for years, more so 
fi\ c 3 cars ago than at present History and pli 3 sical examination not remark- 
able When first seen had a slight glucosuria which cleared up readily on 
slight restriction in carbohydrates 

The experimental data on the neav subjects are all given in Table 1 

In Table 2 the subjects pieviously reported are compared with the 
new standards so that they may be used in the discussion of the whole 
senes 

DISCUSSION or RESULTS 

The basal metabolism of each subject has been compared with an 
appropriate standard for his or her age and sex, and the percentage 
variation from that standard noted Table 3 shows the average 
metabolism of all the' subjects in Tables 1 and 2 divided into two 
groups, one group including the subjects less than 60 per cent over- 
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weight, and the other the subjects more than 60 per cent overweight 
In the former group the actual metabolism is only 0 3 per cent below 
the average of the standards for the same subjects, and in the lattei 
group the actual is 2 3 per cent below the standard average 

Taking the series as a ivhole, then, we may certainly say that there 
IS no characteristic change whatsoever in the basal metabolism even in 
very extreme cases of obesity Or, to put it more concisely, extreme 
obesity may occur in persons wnth a normal heat production per unit 
of surface area 


TABLE 2 — D\ta on Cases Previously Reported 


Subject 

Age 

( 

1 ' 

'Weight, 

1 Ke , 

1 

i 

1 

1 : 

1 

Height, 

Cm 

1 

i Surface 
Area 
Square 
Meters 
(Linear 
For- 
mula) 

1 ; 

1 1 

1 Fer 
'centage! 
Over- 
weight 

; 

R Q 

Calo- 
rics 
per 
Sq M 

1 and 
Hour 

1 1 

Onlo 

ries 

per 

Kg 

and 24 
Hours 

Standard 

Basal 

Metabolism 
for Age 
and Sex 
Calories 
per Sq M 
and Hour 

Per- 

centage 

Devia 

tion 

from 

Stan 

dard 

MrE B 

44 

1 

1 ] 

, 179 0 j 

1C3 0 

1 

2 95 

j 160 

0 78 

35 4 

1 

14 0 

1 

34 

+ 41 

Mrs McK 

48 

i 103 0 

144 6» 

ISCi 

j 120 

0 75 

84 8 

1 

15 0 

34 

+ 23 

N E c? 

15 

I 94 0 1 

1C5 0 

2111 ! 

65 

0 76 

36 4» 

19 6 

43 5 

—16 3 

Mrs M 

28 

\ 

1 87 0 1 

1010 

j 2 01 1 

SO 

0 75 

1 

311 

17 2 

36 

—13 6 


• Values corrected since appearnnce ol first paper ns tvplained In te'^t 
t Obtained from area of Mrs M , ai subject of nearly same weight and height, by equation, 
Area by Meeh of A Area of A by linear formula = Area by Meeh of B Aren of B by 
linear formula 

§ This area was obtained by direct measurement of casts of the body ns described in 
' DuBoIs’ paper on body surface determination (Note 5) It was for a weight of 93 kg For 
103 kg , 1 90 would bo more nearly correct However, the conclusions regarding the normality 
of the metabolism would hold in either event 


TABLE 3 — Average Metabolism of All Cases in Tables 1 and 2 


Group 

1 

Number of 
Subjects 

1 Calories per 

Sq M and Hour, 
as Determined 
Group Average 

1 

Calories per 

Sq M and Hour 
Average 
of "Standards" 
of Individual 1 
Members of Groupj 

i 

Variation of 
Group Average 
Metabolism 
Observed, from 
"Standard” 
Average 

Subjects more than 
60% overweight j 

1 

5 

t 

34 8 

84 0 

-0 8% 

Subjects between 80% 
and 60% overweight 

7 

38 4 

i 

j 39 8 

-2 3% 


So much in regard to the series as a whole Individually we can 
pick several cases that seem to have an abnormal metabolism Follow- 
ing the Sage Institute investigators I shall consider a metabolism more 
than 10 per cent from its appropriate standard as of questionable nor- 
mality On looking over the series we find that N K and Mrs M 
(Table 2) both have a metabolism more than 10 per cent below the 
normal Reference to the clinical histones of these cases will show 
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that they both presented some evidence of hypopituitarism H S 
(Table 1), however, wlio likewise was thought to be hypopiluitary, had 
a 1101 mal metabolism Mrs L L, whose metabolism was sometimes 
below 10 per cent , also piesentcd some evidence of h}popituitarism m 
that her sugai tolerance was increased From all of this we may sa} 
that out of a scries of twelve obese subjects three showed a slight 
1 eduction m basal metabolism, and that all of these three showed some 
clinical evidence of disturbed internal secretion 

CON CLUSIOXS 

1 The majority of obese subjects show no alteration in the basal 
metabolism, as expressed in tcims of then surface area, even though 
the obcsitv is of a most extreme t}pc 

2 Occasionally a slight reduction occurs and in such cases clinical 
evidence of disturbed internal secretion is present 

I\I\ sincere thanks arc due to Dr D L Ddsall, Dr E F DuEois and Dr 
F G Benedict, all of vvliotn were Rood ctioncli to read the original manuscript 
and make main valuiblc suggestions and criticisms 

IS Chcsfinit Street 


CORRECTION 

In the article bj Drs I H Levj and J L Kantor, entitled "A Clinical Study 
of Dclajed Gastric Emptvmg,” Tin Arcjiues of Intern vi Mfdicine, April, 
1916, p 476, in the section on Tone of Stomach, p 479, the second sentence should 
read “This so-called peristolic function of Stiller is impaired m muscular 
weakness (atony or mj asthenia gastrica) 
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A STUDY OF SALT, NITROGEN AND WATER EXCRETION 

IN NEPHRITIS -i* 

JAMES P O’HARE, MD 

BOSTON 

INTRODUCTION 

It has been known for a long lime that in cases of chronic nephritis 
there is a disturbance in salt and nitrogen elimination A number of 
observers ha\ e called attention to the fact tfiat frequently the excretion 
of salt IS disturbed propoi tionately more than that of nitrogen while 
occasionally the reverse is true Seveial methods of studying these 
factors have been suggested 

Von Monakou^ placed patients on a standard diet containing each 
day approximately the same amounts of salt, nitrogen and water, to 
which were added on difteient days a definite amount of, salt (10 gm 
of sodium chlorid) or nitiogen (20 gm of urea) , the daily excretion 
of salt, nitrogen and ivatei was quantitated and the effects of the added 
salt and nitrogen ivere noted by comparing the excretion after these 
were given wuth the previous daily excretion This method we will 
speak of as the “added urea and salt test ” 

liedinger and Schlayer* gave on a single day to patients a diet com- 
posed of several meals containing varying amounts of the natural 
diuretics, water, salt, xanthin bases and caffein and collected the urine 
111 tw^o-hour poitions throughout the day In these portions the 
amounts of fluid and salt, and the specific gravity and percentage of 
salt were detei mined For seveial days prior to this day the patients 
w^ere on a diet containing daily approximately the same amounts of 
fluid, salt and protein Hedmger and Schlayer did not quantitate the 
nitrogen output, but we have done so in making the test This test 
w^e term for brevity “the two-hour renal test ” 

* Submitted for publication, Feb 11, 1916 

’^From the Medical Clinic of the Peter Bent Brigham Hospital, Boston 
This work was aided in part by a grant from the Proctor Fund of Harvard 
University for the Study of Chronic Disease 

1 Von Monakow Deutsch Arch f klin Med , 1911, cii, 248 

2 Hedmger and Schlayer Deutsch Arch f klm Med, 1914, cxiv, 120 
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Anibaid and In*; n<;socialcs~ h<i\c nncstigatcd the relation between 
urea nitrogen and <;alt in the blood and uiinc and by means of lorniiilas 
ha\c cxj)ie*;*:cd this relation ns an index of excretion IMoie iccently 
-Afel.e.in* Iuk modihcd and amplincd these foimulas of Ainbard 
At tlic I eter Bent Brigham JJospn.il under the direction of Dr 
Hcni\ A Chiistian I ha\c been stud}ing the water, salt and nitrogen 
elimination in chronic iitphniis b\ one or all of thc^c methods wath 
the \ icw' to utih/ing them as measures ol the functional jiowcr of the 
kidnc\ In addition other tests of renal function ha\c been earned 
out in the stiuh of these same patients \\ ith this data it seems woith 
while to report the results obtained and to discuss the rclatne lalue of 
some of these tests 


MI 1 nous 

rile ‘added uica and salt test’' ha*> been earned out much as 
dcscnlied by \on Mon.ikow Our jiatients ha\c been placed on a diet 
containing 7s gm of protein. 4 gm of sodium chlond and 1,500 cc 
of water with a caloiic \nhic of 2,000 to 2 200^ Aftei the output of 
fluid, salt and nitrogen reaches an equilibrium on this diet, on one day 
10 gm of additional salt is gi\en, and sc^cral da}s later the patient 
reccucs 20 gm of urea 1 Ins order ma> be rc^erscd The dail\ output 
of urine, salt and nitrogen is determined® and charted as shown in 
Figure 1 

'\ftcr salt or nitrogen are added to the diet in normal indniduals 
their excretion after fort} -eight hours returns to its pieiioiis leiel In 
the diseased kidney this nia> not be the ease Sometimes the added salt 
or urea produces a diuresis and tins disturbs the elimination of both 
salt and nitrogen, the increased water output carr}nng out with it more 

3 Ambard PJiysiolopic normalc ct patliologiqc dcs reins, Pans, 1914 

4 I^IcLean Jour E\pcr Med, 1915, \\n, 212 

5 Of course It IS to be rtmcnibcrcd tliat these % allies are onh approximate 
In the first place patients wlio arc icry sick cannot cat rcgularh from daj to 
day the total food gnen, and dailj variations arise in tins way In the second 
place the values as gnen arc calculated from tables of food i allies and do not 
represent actual values determined by analjscs of samples of the larious meals 
Ihcrc must he a eonsidcrablc difference between the average x allies stated for 
a gnen food product and the actual amount contained in a single sample of 
that food Hence it is to be clearly rccogni/cd that this method ot renal test- 
ing as well as the others involving calculated diets, as earned out bx us is in no 
sense an exact metabolic study, and x’ariations between calculated intake and 
obscrx'cd output are nccessanlj' frequent The xxcighing of food prepared for 
the patients and the subtraction of food not eaten has been done xxith care, 
and precautions hax'c been taken to insure accurate urine collections Errors 
in this part of the xvork hax'c been i educed to small figures and where evident 
mistakes occurred in these parts of the xx'ork the results hax e been discarded 

6 In making the nitrogen and salt determinations I acknoxx ledge the assist- 
ance of a chemical technician xxdiose salary xvas paid from a fund given to 
the Medical Service of the Peter Bent Brigham Hospital by Dr F C Shattuck 



JAMES P O’HARE 


713 


salt or nitrogen Consequently it is desiiable to observe the effect of 
each added substance for several days after it is given before introduc- 
ing the other Then it often takes several days on the diet before salt, 
nitrogen and water excretion reach an approximately constant rate of 
excietion These several factors render it desirable to prolong the 
added urea and salt test ovei a period of ten or twelve days, and in 
some cases ei en longei 
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Fig 1, Case XVI — The hatched columns indicate intake, the cross-hatched 
columns output The upper series are for fluids, the middle for nitrogen and 
the lower for sodium chlorid The added salt and added urea are indicated by 
the lengthening of the columns of intake 

The added urea and salt test gives ns rather early evidence of dis- 
turbed nitrogen and salt elimination of the kidney, as shown by delayed 
and deficient excretion of these substances Simple, logical and direct as 
It seems, the test has many practical difficulties In the ten or twelve 
days needed to carry it out the patient may tire of the hospital and 
refuse to stay, changes m the patient’s condition may necessitate a 
change m diet or other interference with the conditions under which 
the experiment is being carried out , a woman may begin to menstruate ; 
portions of the urine may be lost unavoidably as when the patieni voids 
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at stool, etc , or the diet may become very monotonous Sometimes, 
especially during the formation of edema, there may be a storing up of 
nitrogen or salt with a subsequent discharge of the same either just 
before or comcidently with the giving of the added urea or salt This, 
of course, interferes with the correct interpretation of the changes in 
the excretion curves Urea taken hy mouth sometimes causes a diar- 
rhea, with consequent piobable loss of an unknown amount of nitrogen 
m the feces This would have the ettect of showing an apparently 
lower nitrogen excretion than the kidneys are really capable of 
handling Of course variations in rate and completeness of absorption 
from the gastro-intestinal tract introduce possible errors in such dietary 
tests Tissue retention, especially of salt, is another possible source of 
error in any such test 

On account of these various difficulties with the added urea and salt 
test some other form of test seemed desirable which would shorten the 
period of observation and reduce the probability of the difficulties 
enumerated above The Hedinger and Schlayer “two-hour renal test” 
can be completed, as far as the patient is concerned, in twenty-four 
hours In this respect, therefore, it would seem to ha^e a decided 
advantage over the prei lous test, as by shortening the time the proba- 
bility of the disadvantages enumerated above is much reduced To 
compare the two tests both were carried out on a number of patients 

In using the two-hour renal test the diet has been slightly changed 
from that desciibed by Hedinger and Schlayer, so that we ga\e the 
following menu for the several meals 

Seven a m , coffee, milk, sugar, toast and butter , 10 a m , milk, toast and 
butter , 12 30 p m , bouillon, broiled steak, butter, mashed potato, butter, toast 
and butter, coffee, milk and sugar ,4pm, tea, milk, sugar, crackers ,7pm, 
soft egg, blanc mange (one egg, sugar, corn starch, milk), and cream Amounts 
sufficient to give approximately 2,500 calories, 1,550 c c of fluid, 76 gm of 
protein, 127 gm of fat, 245 gm of carbohydrates and 5 8 gm of sodium chlond 

On the two days preceding the test day the patient usually had a 
diet containing 2,000 calories, 75 gm of protein and 4 gm of sodium 
chlond The test diet is a mixed diet containing known amounts of 
water, nitrogen and chlond together with food diuretics of ^anous 
types (purins, salt, water, etc ) As can be seen, the diet is divided 
into five unequal portions given at definite times during the day Each 
portion contains known but varying amounts of fluid, nitiogen and 
salt The noon meal particularly contains large amounts of the above 
elements 

Two-hour specimens are collected from 7 a m to 9 p m and one 
“night specimen” is obtained containing all the urine passed between 
9pm and 7am Each specimen is analyzed for volume, specific 
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gravity, total nitrogen, nitrogen concentration, total chlorid, and clilorid 
concentration, and the results are charted as in Figure 2 

The purpose of the test is to find out to what extent and in what 
manner the diseased kidney, under stimuiation by the different diuretics 
taken in the food, reacts in putting out the varying amounts of water, 
nitrogen, and chlorid ingested Hedinger and Schlayer have shown 
that noimal cases respond by putting out water and salt promptly and 
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Fig 2, Case XVI — The senes of columns beginning at the left give the 
amount of urine, sodium chlorid, and nitrogen m each two-hour portion from 
7 a m to 9 p m and in the portion from 9 p m to 7 a in The solid lines 
joining dots in the space of each column give the specific gravity of the urine 
and the percentage concentration of sodium chlorid and nitrogen Next is 
indicated the night portion of urine in relation to the total twenty-four hour 
amount The columns at the right give the fluid intake and urine output in the 
days preceding the test day 

in good amounts The diseased kidney, however, may show that its 
power to excrete these elements is fixed at a certain level and that this 
level IS too low to accommodate the large amounts of these elements 
ingested, especially at the noon meal These “fixed” cases show a 
curve of excretion that approaches more or less a straight line Instead 
of getting the normal “picket fence” curves, we find some or all of the 
curves of excretion more or less flattened out 
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CASi;s 

In our work this yeai u e have applied these tests to thirt} cases of 
chronic nephritis of varying degrees of se\erity, some of them com- 
plicated by cardiac conditions In one case the test vas performed 
three times Other tests of renal function have been made and all 
patients have been studied carefully to determine, m so far as is pos- 
sible, their general condition A brief summary of the lecords of these 
patients follou s In each case the “added salt and urea’ and the “tv o- 
hotir renal” tests are recorded in the form of charts of the type shown 
m Figures 1 and 2 of this paper and in Chart I to XII of a prcMOUs 
paper' because m this graphic way the renal function is shown most 
clearly Owung to the expense of reproduction the chaits m each case 
reported are replaced by tables, but in the discussion following the 
summary of the cases the findings are described m terms of curves as 
showm m the charts Cases 1 to 4 show' no renal lesion and are included 
for comparison Cases 5 to 34 show' various types of chronic nephritis 
W'lth or w'lthout cardiac m^ oh ement 

CASn 1 — No 1662 male 14, student Diagnosis Rheumatic fe%er, chronic 
cardiac vah ular disease , aortic and mitral regurgitation Urine Acid , spe- 
cific gravity, 1 019-1 040 albumin none to slight trace, no sugar Sedi- 
ment Ver\ rare In aline cast with fat and cells adherent Blood Pressure 
114-130 systolic, 46-60 diastolic 


TABLE 1 — Two-Hour Renal Test 



November 4 

1 

W Iter, c c 

1 

1 

Specific Grmitj 

‘■alt 

Grains 

1 Per Cent 

7 St 

m 

232 

1 on 

1 31 

OCO 

9 11 .n 

m 

362 


1 03 

0 29 

Him 

1 p m 

1 ‘■'j 

1 017 

0 33 

0 Cl 

1 - 3 p 

m 

' G9 

1 02S 

019 

0 2S 

3 5 p 

m 

> SO 

1 020 

0 33 

0 34 

5 7 P 

m 

84 

1 

1 020 

019 

0 23 

7 9 p 

m 

1 57 

1029 

0 21 

0 30 

9pm 

7am 

t 133 

3 027 




Summatv — Water No fixation Slight but somewhat delated response to 
noon meal Chlorid No fixation Slight but delayed response to noon meal 


7 Christian, Frothingham O’Hare and Woods Studies of Nephritis, Am 
Jour Med Sc , 1915, cl, 655 
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Case 2 — Xo 1755, male, aged 25, single, shoe cutter Diagnosis Pleurisy 
i\ith effusion, tuberculosis of pleura Uime Acid, specific gravity, 1010- 
1029, albumin, none to the slightest possible trace, no sugar Sediment No 
casts Blood Pressure 130 systolic, 76 diastolic 


TABLE 2 — Two-Hour Renal Test 



November 29 

1 

1 

1 Water, c c 

1 

1 

Spccffie Gravity 

Salt 

Grams 

Per Cent 

7 9 a 


195 

1016 

1 44 

0 74 

9 - 11 a 

in 

, 133 

1 022 

1 30 

0 9S 

Ham 

- 1 p m 

333 

1 012 

1 17 

0 35 

1 3 p 

in 

251 

1 015 

16S 

0 07 

3 5 p 

ni 

; 121 

1 023 

1 19 

0 9S 

o - 7 p 

ni 

, 12G 

1 019 

0 79 

0C3 

7 9 p 

in 

2S1 

1 012 

0 56 

0 20 

0pm 

7 n in 

IOC 

I’OlO 

1 71 

0 42 


Snvtiuaiv — ater X’o fixation Good and prompt response to noon meal 
Chlorid Xo fixation Good and prompt response to noon meal 


Case 3 — Xo 1822, male, aged 21, single, car cleaner Diagnosis Hyper- 
chlorbydria Urine Acid , specific gravity, 1 019-1 023 , albumin, none to slight- 
est trace, no sugar Sediment No casts Blood Pressure 124 systolic, 90 
diastolic 

TABLE 3 — Two-Hour Renal Test 


> 01 cmbo* G 

Water, cc 

Specific Gravity 

Salt 

Grams 

Per Cent 

7 9 a m 

157 

1 021 

1 55 

0 99 

9 11 a m 

247 

1 014 

1 79 

0 75 

Ham 1pm 

310 

1011 

140 

0 45 

1 3pm 

192 

1012 

0 84 

0 43 

1 

3 5pm 

114 

1 022 

105 

0 90 

5 7pm 

174 

1 022 

1 GO 

0 93 

7 9pm 

155 

1019 

110 

0 71 

9 p m 7am 

168 

1 016 

0 78 

0 46 


Summ-aiy — Water No fixation of amount or specific gravity Good and 
prompt response to noon meal Salt No fixation of amount or concentration 
Good response, somewhat delaj^ed, to noon meal 
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Case 4 — No 2656, female, aged 38, widow, domestic Diagnosis S 3 ph- 
ilis, pulmonary tuberculosis (’) Urine Acid, specific gravity, 1006-1018, 
albumin, none to slight trace, no sugar Sediment No casts Blood Pres- 
sure 106 systolic, 72 diastolic 


TABLE 4 — Two-Hour Renal Test 


May 18 

Water, 
c c 

Speelflc 

Graiitj 

Nitroten 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 - 9 a m 

187 

1 010 

1 CS 

0 90 

0 31 

017 

9 11 a m 

119 

1016 

0 47 

0 35 

OCO 

050 

Ham 1 p m 

118 

1014 

0 30 

0 25 

0 43 

0 30 

1 - 3 p m 

60 

1023 

0 4S 

OCO 

0 59 

0 74 

3 - 5 p m 

160 

1023 

09C 

OCO 

IIS 

0 74 

5 - 7 p m 

03 

1024 

0 93 

1 00 

0 

0 50 

7 - 9 p m 

115 

1023 

110 

0 95 

0 82 

071 

9pm 7am 

295 

1 025 

2 30 

OEO 

1 03 

OCS 


Stivimaty — No fixation Fairly good response to noon meal in all elements, 
slight delay in water and salt 


Case 5 — No 1624, male, aged 31 single, junk dealer Diagnosis Chronic 
nephritis, parenchymatous Urine Acid , specific gravitj , 1 020-1 032 , albumin, 
12 per cent to 2 per cent , no sugar Sediment Many granular and hj aline 
cases Blood Pressure 150-127 systolic, 110-78 diastolic 


TABLE 5 — Function \L Tests 


Date 

Phtlialein 

In 2 Hours, 

Per Cent 

Nonprotein 

Ns of Blood, 

Gm per Liter 

September 11 

2S0 

0 40 

September 16 

' 

0 231 

November 6 

47 5 


November 16 

, 52 5 



TABLE 6 — Added Urea and S'ilt Test 


Date 

Nitrogen in Grams 

1 Snit in Glams 

Summary 

Intake 

Output 

Intake 

Output 

10/ 5 

110 

9 4 

4 0 

2 5 

Poor response to both 






added urea and salt 

10/ 6 

no 

52 

40 

1 6 


10/ 7 

210 

no 

40 

2 5 


10/ 8 

110 

7 5 

4 0 

1 6 


10/ 9 

no 

9 5 

14 0 

24 

1 

10/10 

110 

1 * 

88 

40 

36 
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TABLE 7 — ^Two-Hour Renal Test 


i 

November 14 

1 

Water, e c 

1 

Specific Gravity 

Salt 

Grams 

Per Cent 

7 - 9 a m 

1 

1 

74 j 

1 025 

1 

132 

0 95 

n - 11 a m 

82 

1023 

0 42 

0 25 

11 a m - 1 p m 

IIS 

1022 

0 79 

0 33 

1 - 3 p m 

9S 

1 

1026 

0 62 

0 32 

S 5pm 

128 

1 024 

0 63 

0 24 

5 - 7 p m 

130 

1022 

0 99 

0 39 

7 • 9 p m 

134 

1023 

0 98 

0 35 

9 p m - 7 a m 

284 ! 

1 

1025 




Suvimaiy — Water Fixation of specific gravity, none of volume Fair 
response in normal time to noon meal Chlorid Fixation of both amount and 
percentage concentration with the exception of the early morning specimen 
Fair response in normal time to noon meal 


C^SE 6 — No 1683, male, aged 33, single, laborer Diagnosis Chronic 
nephritis , hypertension , chronic cardiac valvular disease , mitral stenosis, auricu- 
lar fibrillation Urine Acid , specific gravity, 1 012-1 023 , albumin, none to 
slightest possible trace, no sugar Bediment Rare hyaline cast Blood Pres- 
sure 188-160 systolic, 140-118 diastolic Phenolsulphonephthalem in two hours 
43 per cent 

TABLE 8 — Added Urea and Salt Test 



1 

Nitrogen in Grams 

Salt m Grams 

Summary 


Intake 

Output 

Intake 

Output 

10/2 

no 

1 

70 

' 

40 

1 

09 

Abnormally good response 
to added urea, pool 
response to added salt 

10/3 

no 

90 

40 

08 

10/4 

210 

15 0 ' 

40 

1 

1 

16 


10/5 

no 

29 0 

14 0 1 

60 


10/6 

no 

15 0 

4 0 

4 5 


10/7 

no 

98 

40 

27 
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TABLE 9 — Two-Hour Renal Test 


Noi 29, 3911 

Water, c t 

Specific Gravity 

Salt 

Grams 

Per Cent 

7 - 9 a in 

Si 

1027 

0 022 

0 04 

9 11 n in 

so 

1025 

0 01 

0 02 

11 a in 1pm 

Si 

1 026 

0 010 

0 03 

1 3 p m 

51 

1 028 

0 013 

0 03 

3 5 p m 

GG 

1 029 

001 

000 

5 - 7 p m 

G9 

1028 

OOC 

0 09 

7 9pm 

C5 

1 028 

0 039 

000 

9pm 7am 

231 

1027 

0 2oi 

Oil 


Snnnitaiv — Fixation of water and specific gravity, tUe latter at a high le\el 
Some fixation of concentration of salt, less of total output of salt 


Case 7 — No 1898, male, aged 57, married Diagnosis Chronic nephritis, 
hypertension, chronic myocarditis, auricular fibrillation Urine Acid, spe- 
cific gravitj, 1010-1023, albumin, verj slight trace to slight trace, no sugar 
Sediment Occasional In aline and granular cast Blood Pressure 190-170 
systolic, 130-90 diastolic 


TABLE 10 — Fuxctiox'\l Tests 


Date 

PiitJiaJein 
in 2 Hours, 

I Per Cent 

i 

Urea Ns 
of Blood, 

Gm per Liter 

Novonibor IS 

13 0 


December 1 

11 5 


December 15 

35 0 


December 23 

j 

0 25 

December 27 

3S5 

1 



TABLE 11 — Added Urea and Salt Test 


1 

Date I 

Nitrogen in Grams 

Salt in Grams 

Summary 

Intake 

Output 

Intake 

Output 

12/20 

11 2 

80 

29 

44 

Good response to added 
urea, poor response to 
added salt 

12/21 

112 

71 

29 

22 

12/22 

20 4 

13 2 

30 

34 


12/23 

10 6 

16 4 

29 

15 


12/24 

10 6 

14 4 

29 

10 


12/25 

11 4 

23 0 

13 8 

3 4 


12/26 

10 8 

10 0 

28 

22 
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TABLE 12 — Two-Hour Renal Test 


Nov 16, 1014 

Water, cc 

! 

i 

Specific Gravltj 

Salt 

I Grains 

Per Cent 

T - 9 a 

m 

1 13S 

1 015 

. 0 30 

i 0 35 

0 - 11 n 

in 

12S 

1 014 

0 44 

1 0 34 

11 a m 

1 p in j 

1 119 

1 015 1 

0 44 

, 0 37 

1 - 3 p 

m 

99 

1 019 

j 

0 44 

0 43 

3 - 3 p 

m ' 

110 

1 019 

0 5S 

0 52 

5 7 p 

in 

) 

95 

1 019 1 

0 47 

0 4S 

7 - 0 p 

in ^ 

84 j 

1 020 

0 34 

0 38 

9 p m 

- 7 a ni 1 

3SS 1 

1 019 j 

1 63 j 

0 42 


Suminajv — Water Some fixation of volume, none of specific gravity 
Slight, clela} ed response to noon meal Salt Amount fixed , percentage con- 
centration not Slight, delated response to noon meal 


Case 8 — No 1918, male, aged 54 single, laborer Diagnosis Chrome 
nephritis and hypertension Urine Acid, specific gravitj, 1015-1 024, albumin, 
none to very slight trace, no sugar Sediment Rare granular cast Blood 
Pressure 254-200 systolic, 138-118 diastolic 


TABLE 13 — Functional Tests 


Date 

1 

j Phthnlein 

in 2 Hours, 

1 Per Cent 

' Nonprotein 

Ne of Blood, 

1 Gm per Liter 

No\ ember 17 

49 0 

0 31 

December 1 

! 42 5 

1 

Decembei 2 

1 

i 0 39 

December 8 

49 0 

i 

0 25 


TABLE 14 — Added Urea and Salt Test 


Date 

Nitrogen in Grams 

Salt m Grams 

Summary 

IntaLe 

Output 

IntalvC 

Output 

11/23 

11 0 

7 5 


2 4 

Good response to added 
urea, poor response to 
added salt 

11/24 

110 

92 


34 

11/25 

21 0 

12 0 


24 


11/26 

110 

no 


24 


11/27 

no 

90 


50 
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TABLE 15 — Two-Hour Renal Test 


' December 2 

1 

Water, ce 

Specific Gravitj 

Salt 

Grams 

Per Cent 

7 - 9 a m 

132 

1015 

i 

0 37 

028 

9 11 a m 

07 

1 019 

0 0S7 

013 

11 a m 1pm 

104 

lOlS 

0140 

014 

1 3pm 

111 

1021 

0144 

013 

3 6pm 

3S 

1 021 

0 41S 

on 

5 7pm 

322 

1 022 

0140 

012 

7 - 9 p m 

ISC 

1 010 

0 744 

0 40 

9pm 7am 

5S0 

1 010 

2 07 

1 

0 40 


Sumvtaiy — Water No fixation Fair but delajed response to noon meal 
Chlond Suggestion of fixation of both amount and percentage concentration 
Slight, delayed response to noon meal 


Case 9 — No 1946, male, aged 36, married, clerk Diagnosis Chronic 
nephritis , hypertension , arteriosclerosis Urine Acid , specific gravity, 1 013- 
1025, albumin slight trace to large trace, no sugar Sediment Some h)'ahne 
and finely granular casts Blood Pressure 240-190 systolic, 205-140 diastolic 


TABLE 16 — Functional Tests 


“ ’ ■ “ ...... 

Phthalein 

Nonprotein 

Date 

in 2 Hours, 

Ns of Blood, 


Per Cent 

Gm per Liter 

Isovember 25 

49 

028 

December 8 

4S 



TABLE 17 — Added Urea and S^lt Test 


Date 

Nitrogen In Grams I 

Salt In Grams 

Summary 

IntaLe 

Output 


Output 

12/ 5 

11 0 

SO 

1 

40 

24 

Good response to added 
salt Apparently a fair 

12/ 0 

11 0 

86 

40 

2 4 

response, at least to 
added urea 

12/ 7 

21 0 

10 0 

40 

2 6 


12/ 8 

11 0 , 

Lost 

40 

Lost 


12/ 9 

11 0 

94 

40 

SO 


12/10 

no 

99 

14 0 

10 0 


12/11 

no 

78 

4 0 

28 
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TABLE 18 — Two-Hour Renal Test 


November 29 

Water, e c 

Specific Gravltj 

Salt 

Grams 

Per Cent 

7 9 n m 

93 

1023 

0 005 

0 07 

9 - U n m 

49 

1 02G 

0 054 

0 11 

11 a m 1 p m 

78 

1 023 

0 024 

0 03 

1 - 3 p m 

71 

1020 

0 071 

010 

3 5pm 

71 

1 025 

0 085 

012 

5 - 7 p m 

101 

1025 

0172 

017 

7 - 9 p m 

53 

1020 

0 004 

on 

9 p m - 7 a m < 

* 400 

1 022 

088 

0 22 


Swnmaiy — ^\Vater Volume and specific gravity fixed Slight, delayed 
response to noon meal Chlorid Percentage concentration fixed Amount 
fixed except m one period Good and prompt response to noon meal 


Case 10 — No 2006, female, aged 45, widow, domestic Diagnosis Chrome 
nephritis, hypertension, chronic myocarditis, chronic cardiac valvular disease, 
mitral regurgitation Urine Acid , specific gravity, 1 009-1 013 , albumin, slight 
trace to trace, no sugar Sediment Rare hyaline and granular casts Blood 
Pressure 210-160 systolic, 100-80 diastolic 


TABLE 19 — Functional Tests 


Date 

Phthniein m 

2 Hours 

Blood 

Urea Ni, 

Gm per 
Liter 

Nonprotcin 
N 2 of Blood, 
Gm per 
Liter 

Blood 
Ohlorid,* 
Gm per 
Litei 

Alveolar CO 2 , 
mm 

12/11 

j 


0 80 



12/12 


0 67 

0 95 

5 36 


12/17 


063 

0 91 

5 68 


1/ 2 

Slight trace 





1/7 

None 





1/11 





19 09 

1/14 





23 40 

1/15 

None 




^41 50 






^39 80 

1/16 





36 90 

1/17 





2510 


Whole blood 
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TABLE 20 — Two-Hour Renal Test 


December 17 

Wntcr, 
c c 

Specific 
Grail ty 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 - 9 a m 

205 

1012 

0 47 

0 23 

0 80 

0 39 

9 - 11 a m 

192 

1012 

0 33 

017 

0G7 

0 35 

11 a m - 1 p m j 

195 

1 012 

0 39 

0 20 

0 7G 

0 39 

13pm 

20S 

1011 

0 29 

Oil 

0 79 

038 

3 5pm 

190 

1 012 

0 11 

023 

0 82 

0 43 

5 7pm 

215 

1 013 

0 43 

0 20 

099 

0 40 

7 - 9 p m 

231 

1013 

0 53 

0 23 

102 

0 44 

9 p m - 7 a m 

900 

1 011 

1 43 

017 

4 13 

0 43 


Snmmaiy — Water Specific gravity fixed, volume partially so, Slight 
delayed response to noon meal Nitrogen Amount fixed Concentration some- 
what fixed Fair response in normal time to noon meal Chlorid Concen- 
tration somewhat fixed , amount less so Slight, delayed response to noon meal 

Case 11 — No 2074, male, aged 22, married biagnosis Chronic nephritis 
Urine Acid, specific gravity, 1009-1014, albumin, OOS per cent to 0 04 per 
cent , no sugar Sediment Moderate number of hyaline and granular casts 
Blood Pressure 180-110 systolic, 140-80 diastolic 


TABLE 21 — Functional Tests 


Date 

Phthaleln 
in 2 Hours, 
Per Cent 

Blood 

Urea Ns, 

Gm per Liter 

Urea Index 
(McLean), 
Per Cent 

Blood 

Chlorid, 

Gm per Liter 

Chlorid 

Dillcrence 

(McLean) 

3/ 2 

IS 



i 


1/13 

13 




1 

1/20 


0 088 

238 

5 GS 

0 040 


TABLE 22 — Added Urea and Salt Test 


Date 

Nitrogen in Giams 

Salt In Grams 

Summary 

Intake 

Output 

Intake 

Output 

1/ 5 

3 9 

1 

' 3 5 

4 0 

1 4 

Pair excretion of added 


1 



urea Poor excretion of 

1/ 0 

39 

48 

4 0 

09 

added salt 

1/ 7 

14 4 

j 54 

40 

1 1 


1/ 8 

39 ; 

58 

4 0 

08 


1/ 9 

39 

4 4 

40 

07 


1/10 

3 9 

40 

40 

08 


1/11 

39 

4 2 

4 0 

09 


1/12 

39 

50 

40 

09 


1/13 



14 0 

23 


1/14 


1 

40 

23 


1/15 



40 

28 
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TABLE 23 — Two-Hour Renal Test 


January 1 

Water, 
c c 

Specific 

Graiity 

Nitrogen 

Salt 

Grams 

1 

Per Cent 

1 

Grams 

Per Cent 

7 - 9 a m 

i 

113 

1012 

0 43 

0 40 

0 20 

018 

9 - 11 a m 

SO 

1 012 

j 0 54 

0G7 

OIG 

0 20 

11 a m - 1 p m 

103 

1 012 

0 52 

0 50 

0 20 

019 

1 3 p m 

107 

1 012 

050 

0 47 

0 26 

0 24 

3 - 3 p m 

154 1 

1012 

OGC 

0 43 

0 46 

0 30 

5 - 7 p in 

135 

1012 ! 

1 0 45 j 

0 33 

0 45 

0 33 

7 9 p m 

ICO 

1 012 

0C4 

0 40 

1 0 43 

0 27 

9 p m - 7 a m 

430 

1 012 

1G7 

0 37 

1 OS 

0 24 


Suuimaiy — Water Specific gravity fixed, volume not Medium response 
m normal time to noon meal Nitrogen Amount and percentage concentration 
moderately fixed Slight, delayed response to noon meal Salt Amount and 
percentage concentration moderately fixed Slight, delayed response to noon 
meal 


Case 12 — No 2077, female, married, housewife Diagnosis Chronic 
nephritis, hypertension, chronic myocarditis Urine Acid, specific gravity, 
1 013-1 020 , albumin, slight to very slight trace , no sugar Sediment Rare 
hyaline and granular cast Blood Pressure 254-202 systolic, 140-110 diastolic 

TABLE 24 — Functional Tests 


Date 

Phthalcin 

in 

2 Hours, 
Per Cent 

Blood 
Urea Ns, 
Gm per 
Liter 

Urea 
Index 
(McLean), 
Per Cent 

Blood 
Chlorid, 
Gm per 
Liter 

Chlorid 

Differ- 

enee 

(McLean) 

Alveolar 
CO 2 , mm 

12/24- 

55 




1 


12/28 

45 






1/18 

50 



! 



1/19 


0 225 

6 45 

585 

013 


1/26 






43 4 
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TABLE 25 — Added Urea and Salt Test 


Date 

1 

1 Mtrogcn in Grams 

[ Salt in Grains 

Summarj 

IntaKo 

Output 

Intake 

1 

Output 

1/11 

11 1 

GG 

i 

40 

1 C 

Pair evcretlon of both 






added urea and salt, the 

1/12 

111 

4 0 

40 

20 

former somewhat the 






better 

1/13 

201 

13 0 

40 

24 


1/14 

11 0 

G7 

40 

10 


1/15 

11 1 

88 

40 1 

1 

4 8 


1/lG 

11 0 

55 

14 0 

03 


1/lT 

11 1 

4 8 

40 

20 


1/18 



40 

34 


1/19 



35 

10 


1/20 



30 

28 


1/21 



38 

10 


1/22 



38 

1 4 


1/23 



14 0 

1 G 


1/24 



40 

70 


1/25 



40 

34 

1 


TABLE 26 — Two-Hour Renal Test 


December 31 

Water, j 
c c 1 

Specific 

Qra\itj 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Gent 

7 9am 

108 

1010 

0 40 

0 40 

0 24 

0 23 

9 - 11 a m 

72 

1017 

0 90 

1 20 

0 22 

0 30 

11 a m -Ip m 

63 

1021 

0 37 

0 70 

Oil 

0 20 

1 3pm 

114 

1020 

1 48 

130 

0 42 

0 37 

3 5pm 

68 

1025 

058 

1 00 

017 

0 30 

5 7pm 

68 

1023 

1 70 

2 50 

0 22 

0 32 

7 - 9 p m 

60 

1026 

090 

1 CO 

0 22 

0 37 

9pm 7am 

230 

1 02G 

2 70 

1 20 

111 

0 44 


Stunniary — Water No fixation of volume or specific gravity Medium 

response in normal time to noon meal Nitrogen No fixation of amount or 
percentage concentration Good response in normal time to noon meal Chlorid 
Moderate fixation of percentage concentration , less of amount Slight response 
in normal time to noon meal 
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Case 13 — No 2079, male, aged 23, single, student Diagnosis Chronic 
nephritis Urine Acid , specific gravity, 1 009-1 022 , albumin, slightest pos- 
sible trace to slight trace, no sugar Sediment No casts Blood Pressure 
150-122 s}stolic, 90-60 diastolic 


TABLE 27 — Functional Tests 



Phthalein 

Urea Ne 

Date 

In 2 Hours, 

of Blood, 

! 

1 

Per Cent 

Gm per Liter 

December 27 

i 

1 C85 

1 

Oil 


TABLE 28 — Added Urea and Salt Test 


Date 

Nitrogen In Grams ' 

Salt In Grams 

Summary 

Intake 

Output 

Intake 

Output 

12/31 

11 0 

no 

4 0 

1 

20 

1 

Fair excretion of added 
urea Apparently poor 

1/ 1 

11 0 

10 0 

4 0 

26 

e\cretion of added salt 

1/ 2 

21 0 

98 

40 

! 21 


1/ 3 

no 

1 12 0 

40 

1 2 0 

1 

1/ 4 

11 0 

10 6 

40 

27 

1 


1/ 5 

no 

! 98 i 

1 

14 0 

1 55 



TABLE 29 — Two-Hour Renal Test 


December 30 

Water, 
c c 

Specific 

Gravity 

Nitrogen 

Salt 



Grams 

Per Cent 

7 - 9 a m 

72 

1020 

0 86 

120 

on 

015 

9 - 11 a m 

I2S 

1014 

090 

0 70 

0 28 

0 22 

11 a m -Ip m 

76 

1022 

114 

1 50 

018 

0 22 

1 - 3 p m 

78 

1027 

117 

150 

017 

0 22 

3 5pm 

80 

1027 

131 

1 64 

0 26 

0 32 

5 - 7 p m 

68 

1026 

109 

160 

017 

0 25 

7 - 9 p m 

68 

1027 

109 

161 

019 

028 

9 p m - 7 a m 

265 

1027 

429 

162 

0 85 

0 32 


Summary — ^Water No fixation except that in the afternoon, which was 
both of volume and specific gravity No response to noon meal Nitrogen 
No fixation except in the percentage concentration during the afternoon Slight 
response in normal time to noon meal Chlorid Fixation both of amount 
and percentage concentration Very slight response in normal time to noon 
meal 
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Case 14 — No 2124, male, aged 54, married, driver Diagnosis Chrome 
nephritis, h>pertension , chronic m 3 ’ocarditis Urine Acid, specific graiitj, 
1 013-1 016 , albumin, none to verj’’ slight trace , no sugar Sediment , no casts 
Blood Pressure 250-200 sj'stolic, 170-100 diastolic 

TABLE 30 — Fonctioxae Tests 


Date 

Phthnlcln 

In 

2 Hourc, 
Per Cent 

Blood 

Urea Nc, 

Gm per 
Liter 

Urea ' 

Indo\ 1 

(Stcl canl ' 
Per Cent ' 

1 

1 

Blood 

Clilorid, 

Gin per 
Liter 

Jnnunrj 5 

10 

0 33 

1 

I 


Jnnunr> 11 

2S 


1 


January 21 


0 33 

10 

f 

i 92* 


* Whole blood 


TABLE 31 — Two-Hour Renal Test 


January 21 

Wntcr, 
c c 

! Specific i 
Graiitj 

: 1 

Mtroeen 

Salt 

Grains 

Per Cent 

Grams 

j Per Cont 

1 

7 9 a m 

22 

1 

1 020 

0 21 

0 04 

0 018 

1 oos 

9 Ham 

n 

1 020 

0 53 

1 20 

0 020 

1 0 00 

Ham 1pm 

57 

1020 

OCS 

1 20 

0 034 

' 0 00 

1 - 3 p m 

72 

1027 

0 95 

1 32 

0 030 

0 05 

S - 5 p m 

78 

1027 

0 89 

1 14 

o 

o 

0 00 

5 7pm 

72 

1 020 

0 70 

1 05 

0 030 

0 05 

7 - 9 p m 

102 

1 020 

113 

0 70 

0 324 

0 20 

9pm Tam 

945 

1010 

3 78 

0 40 

8 78 

0 40 


Sttmmatv — Water Specific graMtj’’ fixed the greater part of the daj , \olume 
not Slight, delayed response to noon meal Nitrogen No fixation Slight 
response m normal time to noon meal Chlorid Both amount and percentage 
concentration fixed at a low level Verj" delaj^ed response, but m good amount, 
to noon meal 


Case IS — No 2132, male, aged 35, single cashier Diagnosis Chronic 
nephritis , hypertension Urine Acid , specific gravit}% 1 004-1 006 , albumin, 
slight trace , no sugar Blood Pressure 270-240 systolic , 150-140 diastolic 


TABLE 32 — Functional Tests 


Date 

Phthalcin 
in 2 Hours, 
Per Cent 

Blood 

Urea Ns, 

Gm per Liter 

Urea Index 
(MeLern), 
Per Cent 

Blood 

Chlorid 

Gm pel Litei 

Chlorid 

Difference 

(HcLean) 

1/5 

S3 



■1 


1/8 


0 296 

9 


0 01 
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TABLE 33 — Two-Hour Renal Test 


Janiiarv S 

Water, 
c c 

Specific 

Gravity 

Nitrogen 

Salt 

Grams 

j 

Per Cent 

Grams 

Per Cent 

7 - 9 a in 

327 

1 010 

0S2 

0 25 

1 37 

0 42 

D - 11 a in 

100 

1011 

0 50 

0 50 

0 23 

0 23 

11 n ni 1 p in 

1 

73 

1 012 

0 66 

0 90 

OOS 

on 

1 - 3 p in 

156 

1012 

0 62 

0 40 

0 359 

0 23 

3 5pm 

170 

1 012 

0 56 

0 33 

0 51 

0 30 

5 - 7 p m 

ito 

1 012 

0 54 

0 36 

0 358 

0 24 

7 - 9 p m 

129 

1012 

0 45 

0 35 

0 245 

019 

9 p in - 7 a m 

653 

ion 

2 29 

0 35 

197 

0 30 


Siimmaty — Water Specific gravity fixed, volume not Good and prompt 
response to noon meal Nitrogen Amount fixed , percentage concentration 
not No response to noon meal Chlorid No fixation of salt Fair and 
prompt response to noon meal 

C\SE 16 — No 2202, male, aged 49, single, painter Diagnosis Chronic 
nephritis , arteriosclerosis , hypertension Urine Acid , specific gravity 1 010- 
1017, albumin very slight to slight trace, no sugar Sediment Few granular 
and h} aline casts Blood Pressure 240-170 systolic, 160-90 diastolic 


TABLE 34 — Function \l Tests 


Date 

Plitlinlein 

in 

2 Hours, 
Per Cent 

Blood 
Urea Ns, | 
Gin per , 
Liter 

Urea I 

Inde\ 
(McLean), 

1 Per Cent 

Blood 
Chlorid, 
Gm per 
Litei 

Chlorid 

Differ- 

ence 

(McLean) 

Alveolar 
CDs, mm 

1/21 

18 


1 




1/22 



1 



419 

1/20 


0 335 

16 9 

0 35 

0 63 



TABLE 35 — Added Urea and Salt Test 


Date 

Nitrogen in Grams 

Salt m Grams 

Summary 

IntaLe 

Output 

Intake 

Output 

1/30 

4 0 

3 4 

40 

1 5 

Poor response to both 
added urea and salt 

1/31 

4 2 

3 9 

4 0 

1 4 


2/ 1 

4 0 

3 4 

40 

08 


2/ 2 

14 0 

50 

4 0 

1 fi 


2/ 3 

44 

38 

40 

33 


2/ 4 

4 0 

38 

40 

2 6 


2/ 5 

40 

5 4 

4 0 

28 


2/ 6 

40 

40 

14 0 

38 


2/ 7 

42 

40 

40 

28 
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TABLE 36 — Two-Hour Renal Test 


Jnnunrj 2G 

Water, 
c c 

Specific 

Grn\it5 

Nitrogen 

Salt 

Gr iins 

Per Cent 

Grams 

Per Cent 

7 

9 a 

in 

75 

1 011 

OCO 

OSO 

009 

oil 

9 

11 a in 

fiS 

1015 

0 33 

OSO 

014 

0 20 

11 n 

m 

- 1 p ni 

104 

1 010 

OOS 

0 90 

014 

018 

1 

3 p 

in 

103 

1017 

0 72 

0 70 

0 20 

0 20 

3 - 

5 p 

in 

S2 

1 017 

0 3S 

0 70 

012 

015 

5 

Tp 

m 

112 

1016 

OGS 

OCO 

0 23 

0 25 

7 - 

9 p 

m 

114 

1 015 

0 09 

OCO 

OIS 

015 

9 p 

in 

7 a in 

200 

1025 

1 30 

1 50 

217 

0 75 


Sttmmaiy — Water Specific gravitj and loluine moderatelj fi\ed Slight 

response in normal time to noon meal Nitrogen Amount and percentage 
concentration fixed Slight response in normal time to noon meal Chlorid 
Amount and percentage concentration fixed at a low level Slight response m 
normal time to noon meal 

Case 17 — No 2218, female, aged 40, widow Diagnosis Chronic nephritis, 
chronic myocarditis, chronic bronchitis, Inperthjroidism , acute bronchitis 
Urine Acid, specific graMtj, 1014-1023, albumin, none to trace, no sugar 
Sediment Occasional In aline and rare granular cast Blood Pressure 184-160 
systolic, 84-74 diastolic 


TABLE 37 — Function \l Iests 


Date 

Plithalein 
in 2 Hours, 
Per Cent 

Blood 

Urea Ni, 

Gm per Liter 

Urea Index 
(MeLean), 
Per Cent 

Blood 

Chlorid, 

Gra per Liter 

i 

Chlorid 

BilTcrence 

(HcLean) 

1 

1/30 

42 

j ; 




2/lS 


0191 

81 

Cl 

0 217 

2/23 

50 

i 





TABLE 38 — Added Urea and Salt Test 


Bate 

Nitrogen in Grains 

Salt in Grams 

Sumniarj 

Intake 

Output 

Intake i 

Output 

2/24 

110 

94 

40 

2G 

Good response to added 
urea Pair response to 

2/25 

110 

7G 

40 

28 

added salt 

2/28 

10 4 

GC 

4 0 

1 8 


2/27 

18 4 

17 0 

40 

30 


2/28 

11 0 

GO 

40 

1 2 


3/ 1 

94 

55 

39 

1 0 


3/ 2 

111 

60 

40 

2 0 


3/ 3 

110 

48 

14 0 

30 


3/ 4 

no 

7G 

40 

60 
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TABLE 39 — Two-Hour Renal Test 


rebiinrj IS 

Water, 
c c 

Specific 

Gi nvity 

Nitiogen 

Salt 

Gi ains 

Per Cent 

Grams 

Per Cent 

7 • 9 a m 

07 

1 022 

0 orf 

0 55 

0 39 

058 

9 11 a m 

74 

1 020 

0 23 

0 31 

050 

06S 

11 a m 1 p ni 

50 

1 022 

0 40 

0 72 

0 25 

0 44 

1 3 p in 

lOS 

1 022 

0 79 

0 73 

0 04 

0 59 

3 3 p in 

100 

1 023 

0 70 

0 70 

OCO 

OCO 

5 7 p in 

101 

1 024 

05S 

0 57 

0 53 

0 53 

7 - 9 p ni 

22 

1024 

OSS 

1 50 

0 11 

0 48 

9 p m 7 n in 

245 

1023 

0 75 

0 31 

1 00 

0 41 


Snmmajy — Water Specific gravity fixed, volume not Good response in 
normal time to noon meal Nitrogen No fixation Medium response in 
normal time to noon meal Chlorid Both amount and percentage concentra- 
tion fixed Medium response in normal time to noon meal 


Case 18 — No 2237, female, aged 65, single, nurse Diagnosis Chronic 
nephritis , chronic myocarditis , arteriosclerosis , mitral insufficiency , dilatation 
of aorta Urine Acid , specific gravity 1 010-1 039 , albumin, none to slight 
trace, no sugar Sediment Hyaline and rare granular cast Blood Pi essure 
188-115 s 3 stolic, 110-75 diastolic 

TABLE 40 — Functional Tests 


Date 

Phthalem 
in 2 Hours, 
Per Cent 

Blood 

Urea Ns, 

Gm per Liter 

Urea Index 
(McLean), 
Per Cent 

j 

Blood 

Clilorid, 

Gm per Liter 

Chlorid 

Difference 

(McLeaiO 

1/30 

60 




• 

2/ 8 


0123 

42 0 

6 40 

0 381 

2/24 

56 





2/27 


0113 

108 0 

5 84 

0 062 

3/ 2 


0160 

42 5 

5 90 

0 81 
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TABLE 41 — Added Urea A^D Salt Test 


Date 

Mtrogcii in Grams 

1 

Salt in Grams 

Suimnnr\ 

Intake 

[ Output 

j Intake 

Output 

2/14 

11 0 

95 

40 

2 2 

Good response to added 
urea the first time, fair 

2/15 

11 0 

3 4+ 

10 

0 8+ 

response the second 
Fair response to added 

2/lC 

20 0 

17 4 

10 

4 0 

salt 

2/17 

11 0 

5 0+ 

40 

0 7+ 


2/18 

11 0 

9 4 

4 0 

1 3 


2/19 

99 

80 

14 0 

50 

1 

2/20 

110 

11 2 

4 0 

5 1 


2/21 

110 

8 0+ 1 

40 

13+ 


2/22 

20 0 

112 

40 

20 


2/23 

11 0 

7 0+ 

1 10 

1 5+ 



TABLE 42 — Two-Holr Renal Test, !Modified 


February 8 

1 

1 

Water, 
c c 

Specific 

Gravitj 

Nitrogen 

8alt 

Grams 

Per Cent 

Grams 

Per Cent 

7 9 1 m 

1j 7 j 

1020 

102 

0 97 1 

1 48 

0 94 

9 Ham 

107 

1 019 

0 50 

0 52 

1 09 

1 02 

11 a m 1pm 

153 

1018 

083 

0 54 

1 33 

0S7 

1 3 p m 

114 

102G 

0 75 

000 

121 

1 00 

3 5pm 

S5 

1 02C 

0 63 

0 77 

083 

0 9S 

5 7pm 

113 

1022 

0 03 

0 55 

0 95 

0S3 

7 - 9 p m 

70 

1028 

0 81 

1 15 

0 43 

0 02 

Op m - 7 a m 

237 

1028 

2 37 

1 00 

1 59 

0 07 


Summary — No fixation Water shows a medium response m normal time 
to noon meal Nitrogen and salt are characterized by a slight response in normal 
time to noon meal 
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Case 18 — No 2237 (continued) 

TABLE 43 — Two-Hour Renal Test, Case 18 


Februiirj 27 

Water, 

’ c c 

Specific 

Gravity 

j 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams i 

i 

Per Cent 

7 9 a 

m 

j 

223 

1010 

0 73 

0 37 

0 54 

0 24 

0 - :i a 

m 

72 

1 OIC 

' 0 57 

1 

0 79 

0 30 

0 42 

11 a in 

- 1 p m 

200 

1013 

i 0 9S 

0 49 

0C8 

0 34 

1 3 p 

in 

75 

1 022 

j 0 90 

1 20 

0 34 

0 45 

3 5 p 

m ' 

130 ' 

1 

1 021 

i 1 48 

1 14 

0 02 

0 48 

■ 7 p 

in 

S9 

1020 

1 

; 0 90 

lOS 

0 25 

0 28 

7 9 p 

in 1 

74 

1 021 

1 0 92 

1 24 

015 

0 20 

9 p m 

7 a ni 

1 

317 

1023 

} 4 42 

i 

139 

lOS 

i 0 34 


Summaty — No fixation Water shows a good response m normal time to 
noon meal , nitrogen a good response but delayed , salt a medium response in 
normal time 


TABLE 44— Two-Hour Renal Test 


March 2 

Water, i 
c c 

j 

Specific 

Gravity 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 - 9 a in 

204 

1010 

0 90 

0 37 

0 60 

0 23 

9 - 11 a m 

87 

1017 

0 70 

0 87 

0 43 

0 51 

11 a m 1pm 

07 

1017 

0 04 

0 92 

0 26 

0 37 

1 3pm 

52 

1 023 

0 74 

1 40 

0 17 

0 35 

3 5pm 

84 

1025 

0 83 

1 59 

0 36 

'0 42 

5 7pm 

20 

1 022 

0 29 

1 12 

0 48 

018 

7 9pm 

55 

1027 

0 78 

1 40 

019 

0 35 

9pm 7am 

208 

1020 

4 90 

185 

0 78 

0 29 


Siimmaiy — No fixation of water or nitrogen Very slight fixation of amount 
of salt, less of concentration Water Slight, delayed response to noon meal 
Nitrogen Medium, delayed response to noon meal Chlorid Medium, delayed 
response to noon meal 
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Case 19 — No 2246, male, aged 67, married, secretary Diagnosis Chronic 
nephritis and hypertension, dilatation of arch of aorta Urine acid, specific 
gravity, 1 015-1 021 , albumin, very slight trace to large trace , no sugar Sedi- 
ment No casts Blood Pressure 210-90 systolic 


TABLE 45 — Functional Tests 


Dnto 

Phthnloin 

In 2 Hours, 
Per Cent 

Blood 

Urea N:, 

Gin per Biter 

Urcn Index 
(McLean), 
Per Cent 

Blood 

Olilorld, 

Gm per Liter 

Chlond 

Biffercnce 

(McLcnn) 

1/30 


0 20 

18 2 

r r- 

G j 

1 

1 0 70 

1/31 

21 

018 



! 

2/25 

28 

1 

1 


j 


TABLE 46 — Two-Hour Renal Test 


January 30 

Wntcr, 
c c 

Specific 

Grailtj 

7 - 9 a m 

IS 


9 - 11 a m 

21 


11 a m -Ip m 

29 

1 034 

1 - 3 p m 

37 

1032 

3 - 5 p m 

30 

1032 

6 - 7 p m 

43 

1030 

7 - 9 p m 

46 

1030 

9 p m - 7 n m 

SCO 

1022 


^it^ogen 

Salt 

Grains 

i 

Per Cent 

Grams 

Per Cent 

014 

0 80 

on 

oeo 

014 

0 G3 

012 

0 3S 

0 23 

0 80 

010 

0 30 

0 30 

0 80 

010 

0 2S 

0 30 

1 OO 

008 

0 28 

000 

210 

010 

0 23 

0 55 

1 20 

OOS 

018 

4CS 

1 SO 

1 70 

0 49 


Summary — Water Amount fixed Specific gravity somewhat fixed Almost 
no response to noon meal Nitrogen Amount somewhat fixed, concentration 
not Fair, but delayed response to noon meal Chlorid Amount fixed, con- 
centration not No response to noon meal 


Case 20 — No 2292, female, aged 35, widow, clerk Diagnosis Chronic 
nephritis ( , neurasthenia Urine Acid , specific gravity, 1 009-1 027 , albu- 

min, none to slightest possible trace, no sugar Sediment No casts Blood 
Pressure 120-126 systolic, 84-92 diastolic 


TABLE 47 — Functional Tests 


Bate 

Blood 

Urea Ns, 

Gm per Liter 

Nitrogen 

Coeffleient 

(Ambard) 

Blood 

Chlorid, 

Gm per Liter 

Pebruary 16 

0 09 



Pebruary 18 

on 

0 061 

5SS 
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TABLE 48 — Two-Hour Renal Test (Vs Fluids) =*■ 


February 19 

■Wnter, 
c c 

Specific 

Gravity 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 - 9 a m 

37 

1021 



017 

0 46 

9 - 11 a m 

67 

1017 


0 53 

0 27 

0 41 

11 a m -Ip m 

91 

1015 



032 

0 35 

1 3pm 

37 

102S 


1 16 

0 29 

0 78 

3 5pm 

41 

1028 


162 

0 28 

063 

5 - 7 p m 

72 

1019 


0 84 

0 38 

0 53 

7 - 9 p m 

39 

1022 

0 64 

1 64 

017 

0 44 

9pm 7 a m 

152 

1025 

2 49 

1 64 

0 61 

0 40 


* Patient refused part of noon meal 

Summaiy — Some fixation of total output of salt and nitrogen 


Case 21 — No 2319, female, aged 42, married, housewife Diagnosis Chronic 
nephritis, hypertension, chronic tonsillitis Urine Acid, specific gravity, 
1010-1027, albumin, none to a trace, no sugar Sediment Rare hyaline and 
granular cast Blood Pressure 240-164 systolic, 136-100 diastolic 


TABLE 49 — Functional Tests 


Date 

I 

Plithalein 
in 2 Hours, 
Per Cent 

Blood 

Urea N 2 , 

Gm per Liter 

Urea Inde\ 
(McLean), 
Per Cent 

Blood 

Chlorid, 

Gm per Liter 

! 

Chlorid 

Difference 

(McLean) 

2/24 

48 


1 

1 

1 


2/27 


010 


i 


3/13 

44 





3/17 


012 

99 5 

594 

0138 


TABLE SO — Added Urea and Salt Test 


Date 

Nitrogen in Grams 

Salt in Grams 

Summary 

Intake 

Output 

Intake 

Output 

3/ 1 

96 

70 

40 

09 

Pair excretion of added 
urea, poor excretion of 
added salt 

3/ 2 

no 

95 

40 

4 4 

3/ 3 

210 

14 5 

40 

10 

1 


3/ 4 

no 

55 

40 

08 


3/ 8 

94 

4 4 

40 

06 


3/ 9 

97 

56 

86 

* 

12 


3/10 

87 

80 

13 4 

SO 


3/11 

no 

95 

40 

35 




























736 
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TABLE 51 — Two-Hour Renal Test, Modified 


! 

March 17 

Wntcr, 
c ( 

1 

Specific 

Gravitj 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 9 n 

131 


150 

1 011 

OSO 

1 

0 33 

0 20 

017 

9 - 11 a 

111 


152 

1 010 

OOS 

0 45 

033 

022 

Ham 

1 P 

m 

i r** 

1 5/ 

1010 

0 55 

0 90 

0 23 

0 41 

1 8 p 

m 

1 

1 

141 

1 1013 

OSO 

OCl 

0 44 1 

0 31 

3 5 p 

m 


72 ; 

' 1 OIS 1 

0 71 

009 

0 34 

0 47 

5 7 p 

m 

i 

1 

S7 i 

‘ 1 019 

0 94 

1 OS 

0 45 

0 52 

7 - 9 p 

m 

1 

03 

1020 

0 73 

1 10 

0 32 

0 30 

9pm 

7 n 

m { 

1 

220 , 

1 020 

3 80 

1 50 

101 i 

0 40 


Summaiy — ^\Vater No fixation Good and prompt response to noon meal 
Nitrogen Very slight fixation of amount, considering the enforced modifica- 
tion of the nitrogen at the noon meal No fixation of concentration ^Fairly 
good and prompt response to noon meal Chlorid Amount fixed, concen- 
tration not Slight but prompt response to noon meal 


Case 22 — No 2324, aged 45, single salesw oman Diagnosis Chronic 
nephritis, hypertension, arteriosclerosis, sjphihs Urine Acid, specific 
graviti, 1008-1 024, albumin, none to slight trace, no sugar Sediment Many 
hvahne and granular casts Blood Pressure 180-190 systolic, 95-58 diastolic 

TABLE 52 — Fukctional Tests 


Date 

Phthalem 

in 

2 Hours, 
Per Cent 

Blood 
Urea Ns, 
Gm per 
Liter 

Urea 
Inde\ 
(McLean), 
Per Cent 

Blood 
Chlorid, 
Gm per 
Liter 

Chlorid 

Differ 

enee 

(McLean) 

Alveolar 
CO 2 , mm 

2/16 


0120 

I 

5 Co 



2/18 

43 

1 

1 




3/13 

64 






3/25 


0 093 

G5 

5 93 

0 259 


3/26 

54 



1 


43 3 
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TABLE S3 — Added Urea and Salt Test 


Date 

1 

Nitrogen In Grams 

/ ! 

Salt In Grams i 

Summary 

Intake 

Output 

Intake 

Output 

3/11 

39 

20 

4 0 

10 

Bather poor excretion of 
both added urea and 

3/12 

39 

1 30 

39 

12 

salt 

3/13 

1 14 0 

64 

39 

28 


3/14 

! 40 

2 5 

40 

10 


3/15 

1 

’ 34 

i 34 

1 

4 0 

1 5 


3/16 

i 3 5 

, 20 
i j 

39 

11 


3/17 

14 1 

1 

35 

4 1 

1 0 


3/18 

3 5 

‘ 25 

38 

10 


3/19 

40 

' 20 

39 

1 

09 

1 


3/20 

1 32 

1 3 0 

13 8 

1 1 9 

1 

1 

I 

3/21 

, 26 

' 20 

30 

19 

1 

1 

1 

3/22 

, 40 

' 2 0 

40 

1 20 

1 

1 


TABLE 54 — Iwo-Hour Renal Test 


March 25 

1 

1 WatGr, 
j c c 

Specific 

Gravity 

j 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 9am 

31 

1018 

on 

0 36 

1 

009 

0 28 

9 11 a m 

50 

1012 

0 25 

0 50 

0 09 

019 

11 a m 1pm 

110 

1 011 

0 30 

0 27 

0 28 

0 25 

1 - 3 p m 

39 

1011 

015 

OSS 

0 24 

0 02 

3 - 5 p m 

14 

1036 

0 25 

1 

180 

0 07 

0 62 

5 - 7 p m 

40 

1020 

0 59 

1 48 

0 22 

0 54 

7 - 9 p m 

48 

1021 

035 

0 73 

0 24 

0 49 

9 p m - 7 a m 

300 

1019 

195 

0 65 

1 50 

0 50 


Summaiv — Water No fixation of volume or specific gravity Medium 
response in normal time to noon meal Nitrogen Some fixation of amount, 
none of percentage concentration Medium delayed response to noon meal 
Chlorid No fixation of amount or percentage concentration Slight response 
in normal time to noon meal 


















738 


THE ARCHIVES OF INTERNAL MEDICINE 


Case 23 — No 2336, aged 68, widow Diagnosis Chronic nephritis and 
hypertension, carcinoma of the stomach (?) Urine Acid, specific gravity, 
1008-1022, albumin, none to verj slight trace, no sugar Sediment Hyaline 
and rare granular cast Blood Pressure 218-168 sjstolic, 140-68 diastolic 


TABLE 55 — ^Functional Tests 


Date 

1 Phthnleln j 
1 in 2 Hours, 
j Per Cent j 

! 

Blood 

Urea Ni, 

Gm per Liter 

Urea Indcv 
(HcLcan), 
Per Cent 

Blood ; 

Ohlorid, 

Gm per Liter j 

1 

Ohlorid 

Dlllercnce 

(MeLoan) 

2/18 

( 1 

1 

' 47 

j 

0175 

30 

1 

0 35 j 

0 20 

2/23 


0 203 

357 

0 03 1 

0 334 

3/13 

' 49 



i 



TABLE 56 — Added Urea and Salt 


j 

Date 

Mtrogen In Grams 

Salt In Grams 

Summarj 

Intake 

Output 

Intake 

Output 

2/28 

00 

60 

40 

1 4 

In first test added nltro 
een was put out veil, 

3/ 1 

40 

4 G 

i 

30 

OG 

added salt fairly veil 
In second test, vlth an 

3/ 2 

15 0 

14 0 

30 


intervening rheumatic 
fever, the ability to 

3/ 3 

sc 

12 0 

35 


handle the added nitro 
gen fell off The salt 

3/ 4 

90 

70 

37 

1 


vas excreted as before 
— only fairly veil 

3/ 5 

84 

78 

13 8 



3/ 6 

90 ^ 

GO 

40 

20 


3/ 7 

11 0 

0 4 

1 4 

26 


3/15 

89 

30 

30 

2 0 

1 

3/16 

58 

5 5 

25 

2 4 


3/17 

88 

50 

13 7 

3 5 


3/18 

90 

05 

40 

57 


3/19 

02 

54 

25 

28 


8/20 

17 9 

74 

30 

28 


3/21 

73 

58 

28 

2 2 
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TABLE 57 — Two-Hour Renal Test, Modified 


1 

February 23 

Water, 
c c 

Specific 

Gravity 

I Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 - 9 a Di 

120 

1009 

1 

0 54 

0 45 

1 

013 

on 

9 - 11 a m 

122 

1010 

0 61 

0 50 

0 22 

018 

Ham 1 p m 

56 

1012 

0 39 

0 69 

j 0 73 

013 

1 - 3 p m 

60 

1 017 

0 50 

0 99 

010 

019 

3 - j p m 

33 

1022 

0 34 

104 

oos 

0 24 

5 - 7 p m 

47 

1016 

0 36 

0 77 

on 

0 23 

7 - 9 p m 

40 

1022 

0 49 

122 

012 

0 31 

9 p m - 7 a m 

192 

1 021 

2 30 

120 

058 

0 30 


Summary — ^Water No fixation of volume or specific gravity Slight, 
delayed response to noon meal Nitrogen Amount somewhat fixed, concen- 
tration not Slight response in normal time to noon meal Chlond Amount 
and concentration somewhat fixed Slight, delayed response to noon meal 

Case 24 — No 2357, male, aged 52, married, piano mover Diagnosis 
Chronic nephritis and hypertension, chronic myocarditis Urine Alkaline; 
specific gravity, 1 010-1 027, albumin, none to \ery slight trace, no sugar Blood 
Pressure 210-180 systolic, 130-100 diastolic 


TABLE 58 — ^Functional Tests 



Phthalein 

Blood ' 

Blood 

Date 

In 2 Hours, 

Urea Ns, 

Gm per Liter 

Chlond,* 


Per Cent 

Gm per Liter 

February 18 

52 



February 19 

1 

! 

0 397 

4 391 


• Whole blood 

TABLE 59 — ^Two-Hour Renal Test 


March 2 

Water, 
c c 

Specific 

Gravity 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 - 9 a m 

123 


0 96 

0 48 

109 

0 89 

9 - 11 a m 

118 


0 67 

0 57 

1 10 

0 93 

11 a m 1pm 

133 


0 94 

0 71 

1 16 

0 87 

1 - 3 p m 

125 


115 

0 92 

114 

0 91 

3 - 5 p m 

120 


1 42 

118 

0 98 

0 82 

5 - 7 p m 

108 


1 63 

1 42 

0 94 

0 87 

7 9pm 

106 


108 

102 

090 

0 85 

9 p m - 7 a m 

327 


3 98 

122 

2 29 

0 70 


Summary — ^Water Fixation of output and specific gravity No response 
to noon meal Nitrogen No fixation Fair but delayed response to noon meal 
Salt Fixation of output and concentration No response to noon meal 
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Case 25 — No 2428, male, aged 60, married, policeman Diagnosis Chronic 
nephritis and hj^pertension Urine Acid, specific gravity, 1015-1025, albumin, 
none to trace, no sugar Sediment No casts Blood Pressure 205-150 sys- 
tolic, 145-95 diastolic 


TABLE 60 — ^Functional Tests 


Phtlinlein 

in 

Date 1 2 Hours, 

Per Cent 

Blood 
! Urea Ns, 
Gm per 
Liter 

Urea 
i Index 
(McLean), 
Per Cent 

! 

' Blood 

I Chlorid, 
Gm per 
Liter 

Chlorid 
Differ 
ence i 

(McLean) 

Alveoinr 
COs, mm 

3/ 3 ! ! 

3/5 ! 50 

3/14 * 61 

3/lG 1 0 228 

i 

ec7 

1 

G24 

1 

1 0 32 

i 

38 G 

1 

1 


TABLE 61 — Added Urf\ and S\lt Test 


1 

Nitrogen in Grams 

1 

Salt in Grams | 

Summary 


Intake 

Output 

Intake 

Output 

3/17 

11 0 

i 

9 2 

40 

1 C 

1 Pair response to added 

1 urea Added sait test 

3/18 

11 0 

78 

40 

1 8 

1 not made kpparentlj 

some inabilitj to handie 

3/19 

21 0 

Of. 

40 

1 4 

1 salt 

3/20 

110 

94 

40 

1 C 

i 


TABLE 62 — Two-Hour Renal Test 






Specific 

Gratitj 

Nitrogen 

Salt 




c c 

Grams 

Per Cent 

Grams 

Per Cent 

7 

9 a 

m 

33 

1 028 

0 57 

1 74 

0 05 

010 

9 

11 a 

m 

dG 

1020 

0 97 

1 74 

015 

0 20 

11 

a m 

1 p m 

90 

1 023 

1 40 

1 46 

0 25 

0 30 

1 

3 p 

m 

68 

1 026 

1 10 

1 70 

0 29 

0 42 

3 

5 p 

m 

120 

1020 

181 

1 51 


0 67 

5 

7 P 

m 

78 

/ 1 023 

1 05 

1 34 

0 02 

0 61 

7 

9 p 

m 

30 

1028 

0 53 


0 25 

0 49 

9pm 

7am 

220 

1027 

3 41 

1 55 

1 43 

0 65 


Summary — Water Specific gravity fixed, volume not Moderate but 
delayed response to noon meal Nitrogen No fixation Good and prompt 
response to noon meal Chlorid No fixation Slight, delayed response to 
noon meal 
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C\SE 26 — No 2429, male, aged 45, married, teamster Diagnosis Chrome 
nephritis , hypertension , chronic myocarditis , auricular fibrillation Urine 
Acid, specific gravity, 1021, trace of albumin, no sugar Sediment No casts 
Blood Pressure 165-125 systolic, 120-90 diastolic 


TABLE 63 — Functional Tests 


Date 

Plithnlem 
in 2 Hours, 
Per Cent 

! 

Blood j 

Urea N:, 

Gm per Liter ; 

j 

Urea Indev 
(McLean), 
Per ()ent 

Blood 

Oblorid, 

Gm per Liter 

Chlorid 

Difference 

(McLean) 

3/ 5 

39 

1 




3/ S 

1 

01875 




' 3/9 

41 

1 




3/20 

Cl 

1 

i 

i 


3/30 


012 

' 

1 G5 

! 1 

6 25 

0 44 


TABLE 64 — Added Urea and Salt Test 


Date 

Nitrogen in Grams 

Salt in Grams 

1 

Summary 

Intake 

Output 

j Intake 

t 

Output 

S/IS 

110 

12 4 

1 

1 '‘o 

48 

1 

Good response to added 






urea, poor response to 

3/19 

10 0 

94 

40 

55 

added salt 

3/20 

1 210 

17 8 

40 

38 


3/21 

110 

12 2 

40 

28 


3/22 

10 8 

78 

40 

2 4 


3/23 ! 

112 

14 6 

40 

26 


3/24 1 

10 8 

13 4 

40 

18 


3/25 

98 

58 

40 

1 1 


3/26 

10 6 1 

12 2 

14 0 

38 


3/27 

10 4 

1 

no 

40 

28 
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TABLE 65 — Two-Hour Renal Test 


March 30 

j Water. 

! c c 

! 

1 

Spcciflc 
Grn\ltj 1 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 9am 

1 Cio 

102S 

1 14 

1 

3 75 

0 29 

0 45 

9 11 a m ] 

GG 

1 028 

1 08 

1 G3 

0 41 

0G3 

11 a m 1 p m j 

G2 

1 030 i 

1 1 07 

1 72 

035 

05G 

1 - 3 p m ' 

S3 

1030 

1 

1 13 

1 48 

050 

OCO 

3 5pm j 

9S 

1 029 1 

1 28 

1 39 

0 53 

0G5 

5 7pm j 

75 

I 030 I 

1 37 

1S2 

0 47 

0G2 

7 - 9 p m 1 

GG 

1 032 j 

1 23 

ISG 

0 30 

0 55 

9pm 7 a m 

21G 

1029 1 

1 

4 49 

2 03 

1 19 

055 


Sumimty — Water Fixation of volume and specific gravity with slight, 
delayed response to noon meal Nitrogen Fixation of amount and percentage 
concentration vith slight, delajed response to noon meal Chlorid Fixation 
of amount and percentage concentration with slight delayed response to noon 
meal 


Case 27 — No 2438, male, aged 35, single, blacksmith Diagnosis Chronic 
nephritis , hypertension , hemiplegia Urine Acid , specific gravity, 1 010-1 015 , 
albumin 0 8 gm to 7 0 gm per liter, no sugar Sediment Occasional hyaline 
and granular cast Blood Pressure 140-155 s 3 'stolic, 100-105 diastolic 

TABLE 66 — Functional Tests 


Date 

Phthalein 
in 2 Hours, 

Per Cent 

Nonprotein 

Na of Blood, 

Gm per Liter 

March 7 

27 

I 

j 

March 10 


0 39 

March 13 

27 


April 2 

1 

32 
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TABLE 67 — ^Two-Hour Renal Test 


March 10 

! 

i Water, 
c c 

I 

Specific 

Gravity 

1 

Nitrogen 

/ 1 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 - 9 a m 

51 

1020 

0 86 

169 

0 48 

0 94 

9 - 11 a m 

G3 

1020 

0 81 

129 

0 60 

096 

11 a m -Ip m 

67 

1 020 

109 

162 

0 62 

0 92 

1 - 3 p m 

77 

1021 

117 j 

1 52 

0 69 

0 90 

3 - 5 p m 

95 

1021 

1 50 

1 58 

0 86 

090 

5 - 7 p m 

91 

1020 

2 53 

2 78 

0 82 

090 

7 - 9 p m 

87 

1021 

1 17 

134 

0 78 

0 90 

9 p m - 7 a in 

477 

1020 

9 59 

2 01 

3S2 

080 


Summaty — Water Fixation of output and specific gravity Slight response, 
somewhat delayed, to noon meal Nitrogen No fixation Good response, 
somewhat delayed, to noon meal Salt Fixation of output and concentration 
Slight response, somewhat delayed, to noon meal 


Case 28 — No 2444, aged 15, schoolboy Diagnosis Chronic nephritis (^) 
Urine Acid, specific gravity, 1011-1015, albumin, trace to 3 gm per liter, 
no sugar Sediment Rare granular cast Blood Pressure 140-110 systolic, 
80-72 diastolic 


TABLE 68 — Functional Tests 


Date 

Phthalcin 
in 2 Hours, 
Per Cent 

Blood 

Urea Ns. 

Gm per Liter 

1 

Urea Indc\ 
(McLean), 
Per Cent 

Blood 

Chlorid, 

Gm per Liter 

Chlorid 

Difference 

(McLean) 

3/ 7 

62 

! 




3/26 

61 

0106 1 

1 

605 

1 

5 99 

0 041 


TABLE 69 — Added Urea and Salt Test 


Date 

Nitrogen In Grams 

Salt in Grams 

Summary 

Intake 

Output 

Intake 

Output 

3/21 

no 

84 

40 

■■ 

1 Good response to added 
> urea, poor response to 

3/22 

10 9 

55 

40 


added salt 

3/23 

U1 

9 4 

14 0 

29 


3/24 

10 9 

84 

40 

42 


3/25 

98 

61 

40 

16 


3/26 

10 7 

72 1 

1 

40 

16 


3/27 

210 

210 

40 

32 


3/28 

no 

77 

40 

08 


3/29 

112 

83 

40 

68 
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TABLE 70 — Two-Hour Renal Test 


"March 13 

Water, 
c c i 

1 

1 

Spccillc 

Graiitj 

Mtrofren 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 Dam 

415 

1 

1 1 on 

1 00 

0 40 

1 53 

0 37 

9 11 a m 

3C5 

1010 

2 04 

0 60 

131 

0 30 

11 a m -Ip id 

142 

1018 

1 12 

0 79 

0 54 

038 

1 S p ID 

153 

1021 

1 04 

107 

101 

000 

3 5 p m 

124 

1020 

1 14 

092 

081 

0 C5 

5 7 p ID 

240 

1013 

1 20 

060 

lOS 

0 45 

7 9pm 

50 ' 

' 1 022 

0 09 

1 28 

oco 

0 47 

9pm 7 a ID 

105 ' 

1 1 020 

1 2 -Ifi 

! 

1 49 

0 00 

0 40 


Sumviaiy — Water No fixation Medium, delajed response to noon meal 
Nitrogen No fixation Medium, prompt response to noon meal Chlorid 
No fixation Slight but prompt response to noon meal 


Case 29 — No 2449, female, aged 18, single Diagnosis Chronic nephritis 
and hypertension Urine Acid , specific gravity, 1 008-1 016 , albumin, trace 
to large trace, no sugar Sediment Ver\ rare hj aline cast Blood Pressure 
258-218 sjstohc, 174-150 diastolic 

TABLE 71 — Functional Tests 


Date 

Phthalcln 
in 2 Honrs, 
Per Cent 

1 

, Blood 1 

Urea X., 

I Gm per Liter 

1 

Urea Index 
(McLean), 
Per Cent 

Blood 

Chlorid, 

Gm per Liter 

Chlorid 

D1 (Terence 
(McLean) 

3/ 9 

3 

1 ! 

1 ! 




3/19 


1 0 695 1 

10 2 

6 55 

0 77 


T ^BLE 72 — Added Urea and Salt Test 


Date 

Mtrogen in Grams 

Salt In 

Grams 

Summary 

IntaLe 

Output 

IntalxC 

Output 

3/10 



3 8 

3 1 

Poor response to both 






added urea and salt, 

3/11 



40 

26 

particularlj the latter 

3/12 



20 

1 

30 


3/13 



40 

28 


3/14 


4 0 

4 2 

2 4 


3/15 



40 

1 0 


3/16 

30 

38 

13 4 

30 


3/17 


38 

20 

30 


3/18 

1 

38 

4 7 

40 

2 0 
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TABLE 73 — Two-Hour Renal Test 


March 19 | 

1 

H 


Nitrogen 

1 

} Salt 


Per Cent 

Grams 

Per Cent 

7 - 9 a m 

47 

1 012 

0 21 

0 45 

006 

014 

9 - 11 a m 

58 

1011 

0 23 

0 49 

016 

0 24 

11 a m - 1 p ra 

98 

1010 

0 27 

0 28 

0 25 

0 26 

1 3pm 

108 

1 010 

0 37 

0 34 

0 37 

0 34 

3 5pm 

73 

1011 

0 32 

0 44 

018 

0 25 

1 

5 7 p m 

61 

1010 

0 31 

0 50 

013 

0 21 

7 - 9 p m 

74 

1010 

0 35 

0 47 1 

019 

0 25 

9 p m 7 a m 

430 

1 009 

181 

0 42 1 

112 

0 26 


Sumnwty — Fixation of all elements, both total output and percentage con- 
centration Slight response in normal time to noon meal in all elements 


Case 30 — No 2473, female aged 41. married, housewife Diagnosis Chronic 
nephritis , hypertension , ventral hernia Urine Acid , specific gravity, 1 010- 
1018 albumin, none to very slight trace, no sugar Sediment Rare hyaline 
and granular cast Blood Pressure 208-172 systolic, 115-83 diastolic 

TABLE 74 — Functional Tests 


Date 

Phthalein 
in 2 Hours, 
Pci Cent 

Blood 

Urea N 2 , 

Gm per Litci 

Urea Index 
(McLean), 
Per Cent 

Blood 

Chlorid, 

Gm per Liter 

Chlorid 

Difference 

(McLean) 

3/15 

55 





3/20 


0 098 

159 

6 75 

0125 

3/24 

59 


. 



4/ 9 

65 






TABLE 75 — Added Urea and Salt Test 


Date 

Nitrogen m Grams 

Salt m Grams 

Summary 

IntaLe 

Output 

j Intake 

Output 

4 9 

11 0 

90 

40 

1 6 

Good response to added 
urea, poor response to 
added salt 

4/10 

11 0 

6 4 

40 

09 

4/11 

21 0 

14 5 

40 

1 0 

1 


4/12 

110 

94 

4 0 

1 9 


4/13 

no 

52 

40 

1 8 


4/14 

60 

35 

14 0 

49 


4/15 

11 0 

41 

40 

08 
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TABLE 76 — Two-Hour Renal Test 


April 20 ‘ 

'Water, 
c c 

Spcciflc 

Gravity 

[ Nitrogen 

Sait 

Grams 

Per Cent 

Grams 

Per Cent 

7 9 a m 

80 

1 017 

! 

0 03 

0 81 

0 00 

0 03 

9 11 a m 

50 

1 015 

0 53 

1 05 

0 04 

0 03 

11 a m -Ip m 

12 

1 020 

051 

[ I2S 

1 

0 03 

0 03 

1 3 p m 

40 

1 025 

0 07 

, 1 (.! 

0 02 

0 04 

3 5pm 

52 

1 021 i 

i 0S3 

1 1 CO 

0 04 

0 03 

5 7pm 

123 

1 018 . 

; 1 18 

I ODG 

023 

0 23 

7 9pm . 

lOS 

1 020 1 

! 0 94 

0 87 

0 42 

0 39 

9 p m 7 a m j 

320 

1 021 I 

3 01 ; 

0 94 

1 00 

0 3.3 


Suiinnatv — Water SIiows no fixation Medium, delajed response to noon 
meal Nitrogen Shows no fixation Medium, delayed response to noon meal 
Chlond Shows suggestion of fixation in both amount and concentration 
Slight, delayed response to noon meal 


Case 31 — No 2486, male, aged 63, single Diagnosis Chronic nephritis, 
hypertension, arteriosclerosis, dilatation of aortic arcli Urine Acid, spe- 
cific gravity, 1010-1015, albumin, slight trace to 2 5 gm per liter, no sugar 
Sediment Occasional hyaline and granular cast Blood Pressure 210-140 
systolic, 110-84 diastolic 


TABLE 77 — Functional Tests 


Date 

Plitlinlcin 
in 2 Honrs, 
Per Cent 

Bloofl 

Urea Ns, 

Gm per Liter 

Urea Imic\ | 
(McI can), 
Per Cent 

Blood 

Cldond, 

Gm per Liter 

Chlond 

Dificrcnce 

(McLean) 

3/14 

13 



i 


3/17 


OGl 

59 

03 

t 0 571 

3/26 

12 






TABLE 78 — Added Urfa and Salt 


Date 

! Nitrogen in Grams 

Salt in 

Grams 

Summary 

^ Intake 

Output j 

Intake 

Output 

3/25 

10 R 

10 4 

40 ! 

2 5 

Pair response to added 



1 


salt Apparently able to 


11 0 

97 

40 

27 

handle nitrogen pretty 






well 


10 9 

70 

14 0 

34 



no 

12 5 

40 

58 


i 

21 0 

Lost 

4 0 

Lost 
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TABLE 79 — Two-Hour Renal Test 


March 17 

Water, 
c c 

! 

Specific 1 
Gravity 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 - 9 a m 

61 

1017 

060 

0 82 

0 098 

0 16 

9 - 11 a m 

87 

1 018 

0 76 

0 87 

019 

0 22 

Ham 1pm 

107 

1019 

OSS 

0 82 

0 25 

0 23 

1 3pm 

113 

lOlS 

0 90 

0 80 

0 26 

0 23 

S - 5 p m 

135 

1018 

112 

083 

0 41 

0 30 

5 7pm 

127 

1017 

110 

0 87 

0 41 

0 32 

7 - 9 p m 

97 

1018 

0 79 

081 

019 

0 20 

9 p m - 7 a m 

38 

1020 

0 30 

0 80 

017 

i 

0 44 


Snmmaiy — ^Water Slight fixation of volume, moderate fixation of specific 
gravity Slight, delayed response to noon meal Nitrogen Well-marked fixa- 
tion of percentage concentration Slight, delayed response to noon meal 
Chlorid Fixation of both amount and percentage concentration Slight, 
delayed response to noon meal 

Case 32 — No 2512, female 55, single, housekeeper Diagnosis Chronic 
nephritis , hypertension , aphasia Urine Acid , specific gravity 1 006-1 022 , albu- 
min, none to very slight trace , no sugar Sediment Rare hyaline cast Blood 
Pressure 250-142 systolic, 100-65 diastolic 


TABLE 80 — Functional Tests 


1 

Date 

1 

Phthalein 
in 2 Hours, 
Per Cent 

Blood 

Urea Ns, 

Gra per Liter 

Urea Index 
(McLean), 
Per Cent 

Blood 

Chlorid, 

Gm per Liter 

Chlorid 

Difference 

(McLean) 

CO 

49 





4/ 6 

i 

1 

0 125 

77 

6 43 

0 615 

4/ 7 

60 



i 


4/30 

1 57 

1 

1 



i 


TABLE 81 — Added Urea and Salt Test 



Nitrogen in Grams 

1 Salt in Grams 

Summary 


Intake 

• 

Output 

1 Intake 

Output 

3/23 

30 

5 5 

40 

1 0 

Good response to added 
urea, poor response to 
added salt 

3/24 

42 

40 

40 

09 

3/25 

13 5 

10 6 

40 

09 


3/26 

40 

^6 4 

40 

1 0 


3/27 

41 

54 

40 

11 


8/28 

41 

46 

40 

10 


3/29 

40 

47 

14 0 

34 


3/30 

4 0 

45 

40 

40 1 
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TABLE 82 — ^Two-Hour Rekal Test 


April 5 

1 

Wntcr, 
c c 

Specific 

Gravltj 

i 

jSltroRcn 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 9 a ni 

252 

1 009 

0 43 

018 

0 45 

OIS 

9 11 a m 

150 

1 009 

OSS 

0 25 

0 44 

0 29 

11 a m - 1 p in 

IIS 

1 010 

0 40 

028 

0 27 

0 19 

1 3 p in 

113 

1 010 

0 13 

0 30 

0 21 

015 

3 5pm 

79 

1 017 

0 40 

0 51 

0 21 

0 27 

5 - 7 p in 

105 

1 019 

0C2 

0 59 

0 51 

0 49 

7 9pm 

73 

1 018 

050 

0 05 

03S 

0 32 

9pm 7 a in 

233 

: 

1 022 

1 1 C4 

0 71 

1 37 

0 59 


Summary — Water No fixation of volume or specific gravitj Slight, dela^ed 
response to noon meal Nitrogen Slight fixation of amount Slight, delated 
response to noon meal Clilorid Slight fixation of amount Slight, delayed 
response to noon meal 

Case 33 — No 2548, 33 female, married, housewife Diagnosis Nephritis 
subacute, of pregnancy Urine Acid , specific gravitj 1 006-1 020 , albumin, \ en 
slight trace, no sugar Sediment Very rare In aline, granular and cellular cast 
Rare red blood corpuscle Blood Pressure 158-118 sjstolic, 98-66 diastolic 

TABLE 83 — Function’al Tests 


Date 

Phthalcln 

In 2 Hours, ' 
Per Cent 1 

Blood 

Droa X”, i 
1 Gni per Biter j 

! Urea Indc\ i 
\ (Mclean), 

1 Per Cent 

Blood 

Clilorid, 

Gin per Liter 

Clilorid 

Difleri.nce 

(McLean) 

3/28 

05 





3/29 


0 094 

215 

59 

0 207 

4/ 3 

55 





4/14 

52 

1 

- 




TABLE 84 — Added Urea and Salt Test 


Date 

Nitrogen in Grams 

Salt in Grams 

Summarj 

Intake 

Output 

Intake j 

Output 

4/1 

110 

86 

40 

2 2 

Good response to added 
urea, poor response to 
added salt 

4/2 

98 

76 

4 0 

2 2 

4/3 

210 

17 0 

40 

26 


4/4 

10 9 

11 0 

40 

22 


4/5 

10 8 

10 5 

40 

1 4 


4/6 

10 7 

56 

4 0 

11 


4/7 

10 0 

13 0 

14 0 

40 


4/8 

11 0 

96 

40 

40 
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TABLE 85 — Two-Hour Renal Test 


March 29 

1 

Water, 
c c 

Specific 

Gravity 

Nitrogen 

Salt 

Grams 

Per Cent 

Grams 

Per Cent 

7 - 9 a m 

164 

1010 

0 87 

0 53 

015 

0 09 

9 - 11 a m 

75 

1015 

0 53 

0 71 

010 

013 

11 a m -Ip m 

193 

1003 

0 63 


017 

009 

1 - 3 p m 

48 

1025 

0 67 

143 

0 16 

0 33 

3 - 6 p m 

64 

1018 



0 09 

014 

6 - 7 p m 


1022 

2 14 

2 68 

0 23 

0 29 

7 - 9 p m 

48 

1023 



0 05 

010 

9 p m 7am 

265 

1026 

5 57 

2 10 

0 45 

017 


Siimmaiy — Water No fixation Good and prompt response to noon meal 
Nitrogen No fixation Good but delayed response to noon meal Salt Amount 
fixed, concentration not Practically no response to noon meal 


Case 34 — No 2567, male, 30, married, enamel worker Diagnosis Chronic 
nephritis, hypertension, chronic valvular disease, mitral insufficiency, albumin- 
uric retinitis Urine Acid, specific gravity 1 006-1011, albumin, 2 to 3 5 gm 
per liter, no sugar Sediment Many hyaline and granular casts Blood Pres- 
sure 195-170 systolic, 145-140 diastolic 


TABLE 86 — Functional Tests 


Date 

Phthalein 
in 2 Hours, 
Per Cent 

Blood 

Urea Ns, 

Gm per Liter 

Urea Inde\ 
(McLean), 
Per Cent 

Blood 

Chlorid, 

Gm per Litei 

Chlorid 

Difterence 

(MeLean) 

3/30 

Trace 





4/ 5 


0 575 

5 

6 IS 

0 422 


TABLE 87 — Added Urea and Salt Test 



Nitrogen in Grams 

Salt in Grams 

Summary 

!Date 

Intake 

Output 

Intake 

Output 

3/ 7 

110 

89 

40 

22 

Apparently a good re 
sponse to added urea, 
but a poor one to added 
salt 

3/ 8 

no 

91 

40 

2 3 

3/ 9 

no 

12 2 

40 

2 8 


3/10 

210 

Lost 

40 

Lost 


3/11 . 

no 

15 5 

40 

2 4 


3/12 

no 

69 

40 

1 4 


3/13 

no 

98 

40 

1 4 


3/14 

no 

10 0 

40 

1 4 


3/15 

no 

13 4 

40 

14 


3/16 

110 

1 

94 

1 

14 0 

1 8 
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TABLE 88 — Two-Hour Renal Test 


April 6 

Water, 
c c 

Specific 

Gravitj 

Nitrogen 

Salt 



Grains 

Per Cent 

\ 

7 - 9 a m 

S5 

1 

1 017 

0C8 I 

080 

0 07 

0 07 

£> - 11 n m 

C7 

1017 

054 

0 84 

007 

0 07 

11 a m 1 p m 

78 

1 017 

0 70 

000 

0 08 

010 

1 - 3 p m 

78 

1 017 

0 C5 

0 85 

010 

015 

3 - 5 p m 

104 

1 017 

0 83 

080 

017 

017 

5 - 7 p m 

no 

1 010 

0 75 

0 08 

0 25 

0 23 

7 9 p in 

123 

1 010 

0 70 

005 

0 20 

0 22 

9 p m 7 a m 

i 520 

1 or> 

' i 

2 91 . 

0 57 j 

1 05 

0 20 


Summary — Water Amount and specific gravity moderately fixed Slight, 
delayed response to noon meal Nitrogen Amount and percentage concentration 
both fixed Slight, delayed response to noon meal Salt Amount and percentage 
concentration fixed at a low level Slight delayed response to noon meal 

RESULTS or THE TW?)-IIOUR RENAL TEST 

An analysis of the results given above for the cases of nephritis 
shows that the curves of water, nitrogen and chlorid excretion in a 
given case are on the whole, very similar This is especially true in 
the comparison of the curves of water and chlorid output Twenty- 
six out of thirty-two curves analyzed are almost complete counterparts 
as far as these two factors go The remaining six are almost parallel, 
two being completely so in the afternoon This would tend to show 
that, in the diseased kidney at least, water and salt obey very similar 
laws of excretion The water and nitrogen curves are not so closely 
parallel However, in thirteen out of twenty-six cases they are nearly 
parallel and in only two of the remaining thirteen are they very 
different 

With the two-hour renal test the diseased kidney shows its loss of 
function in several different ways, dependent on the severity of the 
case Any combination of the following may be obtained There may 
be general lowered excretion of water, nitrogen and salt throughout 
the test As is expected, the very low outputs occur in the more severe 
types There may be hypersensitivity In certain mild cases the kid- 
neys show hypersensitivity, especially in the morning, by putting out 
an abnormal amount of any or all of these elements for one or two 
periods This is frequently associated with an afternoon fatigue In 
cases displaying this latter condition the kidneys seem to do fairly well 
until they are crowded by the products of the heavy noon meal Of 
course, the severe cases show fatigue all the time, if you wish to call it 
such But I am referring here particularly to the mild cases that com- 
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ply with the foregoing Then there may be a decreased or delayed 
response to the noon meal or there may be fixation, more or less com- 
plete, m the curve of excretion of any or all three elements In these 
cases the power of excretion is fixed at a definite level and even the 
large noon meal cannot increase the height of this level As a result 
we have a flattening out of the various curves 

With these possibilities in mind let us see what our cases have shown 
by the two-hour renal test 

WATER EXCRETION AS SHOWN BY THE TWO-HOUR RENAL TEST 

The output of water in thirteen out of thirty-two tests performed 
on cases of nephritis (41 per cent ) approached fairly closely to the 
normal These cases on the whole ivere of a fairly mild type or were 
complicated by cardiac conditions Five out of the thirty-two tests 
showed a very moderate, and fourteen, a distinctly low, output The 
larger number of the cases, therefore, showed a lowered excretion of 
water Only two cases showed well-marked hypersensitivity Five 
showed a distinct afternoon fatigue Nineteen out of thirty-two (59 
per cent ) showed a slight response to the noon meal, ten (31 per cent ) 
a medium response, and only three (9 per cent ) a good one Twenty 
cases (63 per cent ) were characterized by a distinct delay in the time 
of response, whereas twelve (37 per cent ) were normal m this respect 
The large majority of those showing a medium or slight response were 
characterized also by a delayed response 

Ten out of thirty-two tests (30 per cent ) showed a distinct fixation 
of both volume and specific gravity Six (19 per cent ) showed a 
fixation of specific gravity with more or less variation in volume In 
these, the concentration power was apparently impaired In this group 
it was noticed that the two most severe cases showed a fixation at a 
low level, whereas the other four, which were less severe or were com- 
plicated by myocarditis, showed a fixation at a higher level Another 
group of two cases showed a somewhat different condition In these 
the volume remained fixed but the specific gravity varied Here the 
concentrating function was apparently preserved One of these (and 
possibly both) was a case of myocardial insufficiency A group of 
fourteen (44 per cent ) all comparatively mild, showed no fixation 
whatsoever 

SALT EXCRETION AS SHOWN BY THE TWO-HOUR RENAL TEST 

The large majority of the curves, from cases of nephritis, twenty- 
six out of thirty-two (81 per cent ), showed a low output of sodium 
chlorid This is a considerably greater number than those with low 
water excretion Five (16 per cent ) showed a medium, and only one 
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(3 per cent ) a high, excretion of salt Three showed definite hypersen- 
sitivity Ten (31 per cent ) tired in putting out the salt during the 
afternoon With regard to the noon meal, in twenty-six cases (81 per 
cent ) there was only a slight i espouse In six the response was 
medium, and in none was it normal Twenty cases (63 per cent ) 
showed a distinct delay m response to the large noon meal Seventeen 
out of thirty-two showed almost complete fixation both of amount and 
percentage concentration of salt Most of these, too, had a low output 
1 nd low concentration In nine there was a fixed amount but a varying 
percentage, in all but one of these the fixation was low These 
retained, at least to a certain degree, their power of salt concentration 
Only five showed no fixation whatsoever This is in contrast to four- 
teen cases in which the water output showed no fixation 

NITROGEN EXCRETION AS SHOWN BV THE TWO-HOUR RENAL TEST 

Nitrogen excretion seems to be much less affected than either salt 
or water excretion Onl}^ twenty-six determinations were made Eight 
showed a low, eleven a medium, and seven a fairly normal, output 
Four displayed fairly well marked hypersensitivity Only five showed 
afternoon fatigue Fourteen patients showed only a slight response 
to the noon meal, seven a medium, and five a good, response In seven- 
teen cases there was a distinct delay in putting out the increased nitro- 
gen ingested at the noon meal The rest were normal Only seven 
cases were characterized by marked fixation These were the most 
severe cases studied Six showed a fixation of amount but not of con- 
centration In thirteen there was no fixation at all 

DISCUSSION or EXCRETION OF WATER, SALT AND NITROGEN AS 
SHOWN IN THE TWO-HOUR RENAL TEST 

As can be seen from the foregoing, the chlorid excretion of the 
kidney is more seriously, and presumably more quickly, affected than 
either of the other two functions The excretion of water and total 
solids runs fairly close to the chlorid excretion The ability of the 
kidney to handle nitrogen however, seems to be maintained consider- 
ably longer than the other two elements This bears out our observa- 
tions in other tests that the excretion of salt is usually impaired sooner 
than that of nitrogen, and that when both are affected in a given case 
the impairment of the nitrogen excretion is less marked than that of 
the salt 

We have been led to believe that the most significant parts of the 
test are the response to the noon meal and the degree of fixation in the 
curves However, the delicacy of the test is vouched for by the fact 
that not a single case of chronic nephritis, no matter how mild, failed 



JAMES P O’HARE 


753 


to show m one or more elements (water, salt and nitrogen) some dis- 
turbance of function such as hypersensitivity, fatigue, etc Many of 
the milder cases, too, were normal m function as far as other tests 
like the phenolsulphonephthalein, blood urea, etc , could indicate How- 
ever, it must be borne m mind that normal cases may show, tempoi arily 
at least, these slight disturbances of function 

Putting the various curves m each case together, certain observa- 
tions as to the severity of the disease can be made out As to the 
amount of response, seven of the nine cases that showed only a slight 
response in all three elements were severe The time of response 
seemed less important Seven showed a delayed response in all three 
elements Two of our most severe cases, however, showed no delay 
whatsoever, and three that did show delay were comparatively mild 
Fixation seems to be the most important part of this test From 
the point of view of fixation m all three elements, it is seen that in our 
six worst cases the fixation was marked in both amount and percentage 
concentration In only two was there no fixation whatsoever These 
\vere extremely mild cases Even in these, however, the test showed 
abnormal function by afternoon fatigue, delayed response, etc 
Between these two groups of extremes, the cases display varying 
amounts of fixation m excretion of one or more elements — the more 
severe the greater the fixation 

It was thought that those cases complicated by cardiac conditions 
might be characterized m a special way This, however, was not found 
to be true always Some did show a high level of fixation m volume 
of urine and specific gravity with a low level of concentration and 
amount of sodium chlorid These may have been more truly cases of 
myocardial insufficiency with added renal involvement However, we 
were not convinced that this was characteristic of cardio-renal cases 
The test is by no means without faults The most important is that 
it cannot be used in all cases of chronic nephritis In very severe cases, 
of course, no such diet can be taken even when the heavy noon meal 
is modified, as was done by us for some patients This, of course, may 
interfere more or less with our results, inasmuch as the reduction in 
the meal may just fail to show fixation when the full meal would do so 
In some cases the patient is made temporarily worse by the full diet 
Then, too, digestive disturbances, indicated by distress after the noon 
meal, mav cause a delayed absorption in the stomach and intestines 
The various elements then get to the kidneys slowly and in small 
amounts This would, of course, interfere with the proper interpreta- 
tion of results Cases with edema cannot be studied very satisfactorily 
because of the unstable water metabolism 
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COIMPARISON or TWO-IIOUR RENAL TEST AND ADDED UREA 

AND SALT TEST 

To try out the comparative efficiency of the two-hour renal test and 
the added urea and salt test and to see if the former could supplant the 
latter, we can compare the results of both tests made on the same 
patient in twenty-one cases of chronic nephritis Of these, five had no 
nitrogen determinations m the two-houi test because at that time we 
were not quantitating the nitrogen 

The very nature of the tests prevented their being done synchron- 
ously The two-hour renal test was usually made either just before 
or just after the other test. As a result there were frequently several 
days between the two tests Despite this fact, however, there was a 
surprisingly close parallelism between the results obtained by both 
methods Of the twenty-one cases all but two showed pretty complete 
agreement in all phases One of these (Case 26) showed an excellent 
response to added urea but a distinct fixation of nitrogen output in 
the two-houi test The fixation, however, was at a high level and may 
have been accounted for by the fact that the patient had at this time 
a changed circulation from chronic myocarditis and auricular fibrilla- 
tion (McLean’s urea index showed fair ability to handle nitrogen) 
The second case (Case 32) showed the same functional result The 
patient had been on a low-protein diet preceding the added urea Thi*! 
may have caused a temporary improvement m her nitrogen function, 
which had again become weaker when the two-hour renal test was made 
about one week later (In this case, too, McLean’s urea index showed 
fair ability of the kidney to handle nitrogen ) 

COMPARISON or THE DIETARY TESTS WITH THE INDICES OF 
NITROGEN AND SALT EXCRETION 

The objections to these dietary tests cited above make it evident that 
they are not entirely satisfactory The methods of obtaining the indices 
of urea and salt excretion as worked out by Ambard and McLean and 
others obviate many of these difficulties because they do not necessitate 
fixed diets and prolonged quantitative observations It is interesting 
to see how the results obtained from the dietary tests compare with 
those furnished by the indices of excretion In fifteen patients both of 
the dietary tests were made and the indices of excretion were calculated 
In addition, the phenolsulphonepthalem excretion was observed The 
blood urea-nitrogen and the blood chlond figures were known so that 
these might be used to check up the value of the other methods 

Of course a comparison of such results presents many difficulties 
but a study of these cases (Cases 11, 12, 16, 17, 18, 22, 23, 25, 26, 28 
29, 30, 31, 32 and 34) will show how far the various tests agree and to 
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a certain extent which test seems to give uniformly the best index of 
the condition of the patient as judged from the sum total of observa- 
tions on the patient The phenolsulphonephthalem output and blood 
urea figures seem to agree pretty well In a number of cases they are 
almost normal and yet the other tests give evidence of functional dis- 
turbance 

The question of the comparative values of these tests narrows itself 
down to a deteimmation of whether the shorter and simpler nitrogen 
and salt tests of Ambard or McLean are as satisfactory as the more 
difficult and complex dietary tests of von Monakow and Hedinger and 
Schlayer When we compare these tests m our group of cases we note 
that m two cases (Cases 11 and 18, March 2) the two-hour renal test 
shows us a greater disturbance of salt excretion than is indicated by 
the indices of excietion However, the difference is marked only in 
one On the other hand m two more cases (Cases 25 and 32) the 
opposite effect is noted, the indices of excretion indicating a greater 
impairment of function With regard to nitrogen function we find 
that 111 only one (Case 11) does the two-hour renal test show greater 
renal disturbance than does the index of urea excretion The deter- 
mination of the index of excretion brings out distinctly greater loss of 
function in six other cases than is indicated by the dietary tests In 
the other patients the results of the two tests are about the same 

It would seem from this that the indices of urea and salt excretion, 
especially the former, as determined by Ambard’s or McLean’s for- 
mulas, are more satisfactory tests of renal function than the others 
here referred to, as they give us as much information as any of the 
other tests, especially in the milder cases, they are distinctly shorter 
than the dietary tests since they can be completed in two hours, if neces- 
sary, and they are not especially difficult to carry out The phenol- 
sulphonephthalein excretion, to be sure, is less difficult of determina- 
tion than any of these but it is by no means as satisfactory in cases 
of chronic nephritis because in the earlier stages of the condition it may 
be essentially normal although there are definite disturbances in salt, 
nitrogen or water excretion A simple determination of blood nitrogen 
similarly may give normal figures in milder cases, while the calculated 
index of excretion is distinctly abnormal For the determination of 
these indices of excretion no dieting or preliminary preparation is 
required and the determinations can be made on all but moribund 
patients Hence they have an advantage over the longer dietary tests 
More investigation, however, is still needed for a proper understanding 
of a number of factors which seem to influence the index of excretion 
apart from the renal lesion One of these factors is the influence of 
the amount of water excretion on the index of excretion of urea or 
salt in a given individual This phase of the subject is at present under 
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investigation The factors which lead to \ery high indices of urea 
excretion too are not thoroughly understood at present These and 
other points must be studied before the indices of excretion can be 
used with complete satisfaction in the study and subsequent dietary 
arrangement of our cases of chronic nephritis 

SUMMARY 

Several methods have been proposed for the study of salt and 
nitrogen excretion in chronic nephritis In one method, with the patient 
on a standard diet, the elimination of an added amount of salt and 
nitrogen is followed for several days , in another, the salt and nitrogen 
excretion is quantitated for one day m two-hour urine specimens with 
the patient on se\ eral standard meals of varying composition A third 
way IS to quantitate salt and nitrogen in the blood and urine and express 
their relations by a formula giving an index of excretion In thirty 
cases the first two tests have been carried out along with other tests of 
renal function The second, or two-hour renal test as we have called 
it, requires a shorter observation in the hospital and the mam part of 
the test occupies only twenty-four hours of the patient’s time, while 
the first, or added urea and salt test, requires ten or twelve days of 
hospital observation on a standard diet The shorter test appears to 
yield almost the same facts as the longer In general, salt excretion is 
impaired before there is much disturbance of uater and nitrogen excre- 
tion , in most patients salt and water excretion behave very similarly , 
the nitrogen excretion is greatly impaired usually only in the severe 
cases Salt, water and nitrogen excretion show some disturbance in 
even the very mild cases in which phenolsulphonephthalein excretion 
IS normal, and there is no increased blood nitrogen These dietary tests 
can not be used in all cases of chronic nephritis They cannot be 
carried out in those that are very severe The methods involving 
the determinations of the indices of excretion of urea and salt do not 
have a number of the difficulties met with in carrying out the dietary 
tests These indices were determined m fifteen cases in which both 
dietary tests were carried out, and the indices seemed to give as much 
information as the other tests and to possess distinct advantages inas- 
much as they can be determined for practically every patient and 
require considerably less time and less labor in their execution The 
great advantage of all three of these tests is that they give information 
as to disturbed renal function m those mild cases in which phenol- 
sulphonephthalein excretion is normal and the blood urea-nitrogen is 
not increased 



EXPERIMENTAL HYPERCPIOLESTEROLEMIA * 


KAETHE DEWEY, MD 

CHICAGO 

In previous experimental work^ a watery colloid emulsion of choles- 
terol was used and proved to be such a satisfactory preparation foi 
intrapentoneal injections in rabbits and guinea-pigs, that I employed 
It again as most suitable for producing a direct hypercholesterolemia 
The use of such emulsions eliminates some of the objectionable fea- 
tures attending the prevalent method of administering cholesterol by 
feeding The necessity of resorting to solvents such as fats and oils 
involves the production of a fat infiltration which, although not con- 
sidered as pathological necessarily masks the effects of cholesterol on 
the tissues to some extent and complicates the conclusions 

Instead of Alerck’s pure cholesterol, I used a preparation obtained 
from gallstones by extraction with ether m the Soxhlet apparatus For 
the separation of all saponifiable substances from this ether extract, a 
method was employed which is based largely on Kumagawa and Sutro ® 
Fn e grams of the dried ether extract are dissolved in 350 to 400 c c of 
petroleum ether , to this, 70 c c of a 1 per cent absolute alcoholic solu- 
tion of potassium hydroxid and 30 c c of distilled water are added 
Ihe mixture is shaken and the ether solution of cholesterol separated 
from the alcoholic solution of soaps in the separating funnel The 
petroleum ether is evaporated and the dry cholesterol treated in the 
same manner a second and, if necessary, a third time It is finally 
recrystallized with alcohol The melting point of this preparation was 
between 146 and 147 C (294 8 and 296 6 F ) 

In order to make a watery colloidal emulsion from this crystalline 
substance by the method of Forges and Neubauer^ cholesterol is dis- 
solved in acetone and added in small amounts to large quantities of 
distilled water while stirring The acetone is evaporated and another 
poition of the acetone solution is added, the acetone evaporated, and 
so on, until all the cholesterol necessary for the desired strength has 
been used The emulsion is finally filtered through an asbestos filter 
When large quantities of this preparation and rather high concentra- 

* From the Pathological Laboratory of Rush Medical College and the Otho 
S A Sprague Memorial Institute, Chicago 

1 Dewey and Nuzum The Effect of Cholesterol on Phagocytosis, Jour 
Infect Dis , 1914, xv, 472 

2 Kumagawa and Sutro Bestimmung des Cholesterms nebst den anderen 
unverseifbaren Substanzen, Biochem Ztschr , 1908, viii, 315 

3 Porges and Neubauer Physikalisch chemische Untersuchungen uber das 
Lecithin und Cholesterin, Biochem Ztschr , 1907, vii, 152 
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lions are needed, as for example in these experiments, tins method is 
not ideal, as it consumes an enormous amount of time The chief 
difficulty was in getting all of the cholesterol into the state of a fine 
emulsion, some of it frequently floated on top as “foam ” The obser- 
vation, however, that this so-called foam when taken up with fresh 
acetone will easily and quickly go into the emulsion, ivliethc} o? not 
acetone is still piescnt, led to the modification of the method'* To a 
concentrated solution of cholesterol in acetone, warm distilled water is 
added slowly until the acetone solution, when heated, does not turn 
clear again Enough acetone is added to redissolve the precipitate 
The clear solution is then slowly poured into warm distilled water 
If some of the cholesterol foams out, it is taken up with acetone and 
added to the emulsion It is then boiled m small quantities and filtered 
through an ordinary fine filter paper, using a fresh paper for every 
new portion The total is reduced to the desired strength by vacuum 
distillation and the emulsion finally refiltered 

The making of such an emulsion is time consuming, but, when once 
made, it is an exceedingly satisfactory preparation Its chief virtue 
IS Its great stability Such emulsions have been kept for three months 
and longer without undergoing any apparent change Heat does not 
aftect them, they can be sterilized in the autocla\e repeatedly The} 
were tested by adding serum and fresh blood from normal and 
cholesterolized rabbits as well as physiological salt solution By none 
of these fluids was the cholesterol precipitated out from its colloidal 
state Whatever the ultimate fate of the colloid cholesterol in the 
blood. It IS evidently carried off by the blood stream from the place 
of the injection without leaving any deposits there It was thus possi- 
ble, for example, to make thirty injections in daily succession into the 
veins of the ears of one rabbit After intraperitoneal injections, 
cholesterol deposits in small nodules were generally found on the 
mesentery, liver, spleen and the under surface of the diaphragm 

The experiment consisted of intraperitoneal or intrai^enous injec- 
tions of emulsions of cholesterol into twelve rabbits Control animals 
received injections of distilled water from which the added acetone 
was evaporated 

It seemed proper to assume that the finer the state of division of 
the colloid cholesterol in the emulsion the better would be the rate and 
degree of absorption To test this, three rabbits were injected intra- 
peritoneally with emulsions which had not been filtered, and which 
ranged between 2 and 5 per cent in concentration Two of them 
received seven injections of respectively 20 c c and 10 cc and were 
killed eleven days after the first injection The third animal was 

4 Dewey, Kaethe The Preparation of Colloidal Emulsions of Cholesterol, 
Tr Chicago Path Soc , 1915, ix, 321 j. 
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injected once with 10 c c of a 5 per cent emulsion and was killed five 
days later The first two animals had lost m weight at the end of the 
experiment The postmortem examination showed that some of the 
cholesterol had not been absorbed, it was deposited m small nodules, 
2 and 4 mm in diameter, chiefly on the liver, spleen and undei surface 
of the diaphragm The microscopic examination gave convincing evi- 
dences that such emulsions are violent m their effect on the tissue, 
especiall} on that of the liver In all three labbits lesions were found 
in this organ which have something of the character of an infarct or 
sequestrum, they are sharply demarcated areas of sometimes con- 
siderable dimensions showing marked destruction of the liver struc- 
ture and enormous deposits of cholesterol m the center, surrounded by 
a zone of rarified tissue and an outer zone of dense round-cell infiltra- 
tion Undoubtedly these deleterious effects of the colloidal cholesteiol 
are due to physical properties, that is, to the presence of large droplets 
and so-called foam and to the high concentration Such lesions were 
not produced by finely filtered emulsions of low or moderate strength, 
which weie employed m all subsequent experiments Only m one 
rabbit with previously existing senile changes were similar foci found 
in the hvei they were, however, few m number and small in dimen- 
sions 

Thiee rabbits were injected iiitraperitoneally with doses of 10 c c 
of a 2 per cent emulsion, two of them three times a week for a period 
of three and five months and the third every day for two months The 
first two animals showed a gam in weight at the end of the experiment, 
the third rabbit lost in weight and was somewhat dull during the last 
two weeks 

Two rabbits of another group were injected intravenously, one 
with 5 c c of a 1 per cent emulsion three times a week until sixteen 
injections were given, the other with a daily injection for thirty days, 
the fiist ten doses being 5 cc, the last twenty doses 10 c c of a 
1 per cent emulsion Both remained well during the entire period and 
gained m weight 

One rabbit received m daily succession thirteen intravenous injec- 
tions of 10 c c of a 1 per cent emulsion, and ten intrapentoneal injec- 
tions of 10 c c of a 2 per cent emulsion It was killed ten days after 
the last injection The animal was well until the latter part of the 
experiment, when there was loss of appetite for several days and loss 
of weight 

For comparative studies a rabbit was included in the list which 
showed bowel and urinary disturbances when it was received and 
Avhich died after four intravenous injections 

Finally, two rabbits were injected intravenously for short periods 
followed by longer free intervals, at the very end a few intrapen- 
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toneal injections Avere given in quick succession The entire experi- 
ment coveied 108 days They gained in weight and only toward the 
end showed lassitude and loss of appetite 

All animals were killed by air embolism 

Except in the case of the fiist three rabbits, which were used in a 
comewhat preliminary experimental way, the serum or whole blood, 
the bile, and in scAcral instances also the urine, were analyzed for 
Iheir cholesterol content The method used was that of Autenneth 
and Funk'’ The chloroform solutions from the Aanous fluids were 
evaporated down to 5 and 10 cc , 5 cc of these were tested The 
reading was done by a Duboscq colorimeter For histological exami- 
nation pieces from various organs were fixed in 10 per cent formalin 
and frozen sections from the kidne}', Iner, aorta, sjileen, adrenal and 
gallbladder were examined with the polarizing microscope and stained 
with Sudan III Pieces from Aarious regions of all the kidneys were 
also prepared for paraffin sections 

In the following tables the histological changes reported are sum- 
marized, together with data of the manner, quantity and duration of 
the injection and figures of serological examinations They may be 
helpful in illustrating the extent and the inequality of the effects of 
cholesterol on various organs of the rabbits The table of the color- 
imetric estimation of the cholesterol content of the blood, bile and 
urine is not complete and, in my opinion, cannot be used as a basi^ 
for comparatne inferences of any real value The blood was exam- 
ined only once that is shortly before the animals were killed I am 
therefore not m a position to make any statements regarding the 
length of time during which the cholesterol injected into the blood is 
retained therein or in what ratio it is passed through the liver and 
eliminated ivith the bile To all appearances, Weltmann and Biach’s' 
belief that a substance, such as cholesterol, which gains access into the 
blood serum of rabbits, cannot be eliminated, is not confirmed through 
my experiments If it were so, the cholesterol content of the blood 
should be very much higher at any rate m those rabbits which weie 
injected intravenously 

There is one constant factoi in the figures of the table which is 
of interest because of contradictory statements concerning this in 
literatuie In all rabbits, normal, control and cholesterolized, the 
cholesterol content of the serum is decidedly less than that of the 

5 Autenneth and Funic Ueber kolonmetnsche Bestimmungsmetlioden 
Die Bestimmung des Gesamtcholesterins im Blut und in Organen, Munchen 
med Wchnschr , 1913, lx, 1243 

6 Weltmann and Biach Zur Frage der experimentellen Cholesteatose, 
Ztschr f exper Path u Then , 1913, xiv, 367 
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whole blood Some authors hold the view that it is immaterial whether 
one or the other is used for quantitative estimation of the cholesterol 
content of the blood, because this is nearly the same in both fluids 
Mv observation to the contrary agrees with the results of Abderhah 
den’s" investigations of the relative quantities of cholesterol, as well 
as all the other constituents of the blood, in serum, whole blood and 
blood corpuscles 

From the results m rabbits of the experimentally produced hyper- 
cholesterolemia, I \enture to draw the following conclusions 

1 Very small quantities of cholesterol administered by intra\enous 
injections, and relatively small amounts injected intrapentoneally, are 
sufficient to produce pathologic conditions m some organs of the 
rabbit 

2 In intermittent hypercholesterolemia, such as is produced by 
periodical mtra\enous injections of small doses, the extent of the 
cholesterol infiltration and other pathological conditions are entirely 
out of proportion to the amount of cholesterol injected 

3 Unfiltered emulsions, that is, those in which the colloid particles 
are heterogeneous in size, and emulsions of high concentration, have 
a violent destructne effect on the structures of the liver 

4 Cholesterol deposits in cells other than those normally and 
ph} siologically rich m this lipoid substance are not a simple infiltration, 
but constitute an injury to the function of the cells and signify degen- 
erative processes 

5 Pregnancy seems to furnish conditions which favor the infiltra- 
tion of certain organs with cholesterol, from whate\er source this may 
be derived Rabbit 11, which received only 2 gm cholesterol in 108 
days by the intermittent method, and which was pregnant twice during 
this time, had, of all the animals, the most marked cholesterol infiltra- 
tion and other pathologic conditions in the liver and kidney 

The liver of rabbits responds very readily with infiltrative processes 
to experimental hypercholesterolemia This quick reaction is prob- 
ably not quite analogous to anything occurring in the human liver, 
owing to the difference in the effect of hypercholesterolemia m her- 
bivora and carnivora According to Weltmann and Biach the normal 
elimination of cholesterol through the bile is very slight in the formei 
but increases markedly when they are fed with this substance and the 
liver stores it up in large quantities In carnivora on the other hand 
the normal cholesterol content of the bile is high, and doubly refrac- 
liv'^e substances are not found in the liver of the dog, the cat and the 
vvFite rat, even when fed with v^ery large quantities of food rich in 


7 Abderhalden Lehrbuch der phjsiologischen Chemie, Berlin, 1906, p 592 
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cholesterol (Bacmeister and Ha\ers,'* Weltmann,” Chatalow/'^ 
Anitschkow and Chatalow^') In the omnivorous pig and in man the 
elimination of cholesterol by the bile is e\ en greater than in carnivora 
The liver is therefore able to adjust itself in man and m carnnora 
to great oscillations in the cholesterol content of the blood, whereas 
in herbivora, “insufficiency” on the part of this organ is, to a certain 
degiee, phjsiologic (Weltmann") , hence the ready infiltration of the 
liver of labbits in experimental cholesterolemia 

In the rabbits of my experiment this infiltration presents se\eral 
peculiarities Apparently the amount is not proportionate to the 
quantity of cholesterol injected, nor directl} dependent on the mode 
of the injection The most extensne infiltration was found m Rabbit 

TABLE 2 — CuoirsTinoL Contfnt of Bod\ Fiuins in Normal and 

Control Rabdits 
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11, wdiich received the smallest amount of cholesterol as measured by 
the length of time in which it w^as gnen In the animal similarh 
treated. Rabbit 12, it w^as ^ery much less Rabbit 6, wdiich lecened 
the large quantity, 116 gm of cholesterol wnthin two months, w^as 
quite exceptional m that doubl}'^ refractive substances w^ere almost 
entirely absent in the liver, while the gallbladder w^as filled wnth gall- 
stones Rabbit 5, having recen ed 12 4 gm cholesterol in fi^ e months 

8 Bacmeister and Havers Zur Physiologie und Pathologic des Cholester- 
instoffwechsels, Deutsch med Wchnschr 1914, xl, 385 

9 Weltmann Zur klinischen Bedeutung des Cholestennnachweises im Blut- 
serum, Wien klin Wchnschr, 1913, xxvi, 874 

10 Chatalow Ueber experimentelle Cholesterin-Lebercirrhose in Verbindung 
mit eigenen neuen Erhebungen iiber flussige Knstalle des Organismus un . 
liber den Umbau der Leber, Zieglers, Beitrage, 1913, Ivii, 85 

11 Anitschkow and Chatalow Ueber experimentelle Cholestennste^ose und 
ihre Bedeutung fur die Entstehung einiger pathologischer Prozesse, Centra 

f allg Path u path Anat 1913, xxiv 1 
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by the same kind of injection, showed enormous amounts of 
tropic substances m the liver, and only a few sandy concretions 
bile Two of the control animals had some cholesterol depo 
the liver There is no uniformity m the distribution or m the t 
the infiltration with cholesterol In a few instances it is di: 
spread all through the lobules , m some it is located chiefly 
peripheral portion and densest nearest the periportal spaces I: 
eral, it occurs predominantly in disseminated areas of various c 
sions These are always limited strictly to the lobules, but withir 
they are scattered very arbitrarily, as it seems The cholesterol ac 



Fig 1 — Doubly refractive substances from the liver of Rabbit 11, 
received 2 gm cholesterol by the intermittent method in 108 days Pie 


lation m such areas is very marked , in the intervening portions th 
none A discriminative imohement of the liver cells or the eiidot 
cells cannot be observed There is, too, an obvious radiate arrang( 
of the deposits (see Fig 1) , the cholesterol droplets being some 
chiefly intralobular, sometimes chiefly m the columns of liver cell 
quite often both kinds of cells are equally involved, this is espe 
the case when these dense cholesterol accumulations are of 
dimensions Almost without exception the connective tissue spac 
free from cholesterol, neutral fat, however, when present, is a 






766 


THE ARCHIVES OP INlERi\-lL MEDICINE 


found in this location The pievalent occurrence of disseminated 
cholesterol deposits was not obser\ed until the gallbladders of tbe 
rabbits were examined On this occasion the presence of cholesterol in 
portions of the liver adjacent to the gallbladder in Control Rabbit 1 }• 
was dlSCO^ ered In previously examined portions of the In er no doubly 
refractive substances had been found 

There was one type of cholesterol deposits ■which seemed at first 
limited to one group of rabbits, that is, those injected intraperitonealh 
with unfilteied emulsions of high concentration, but e\entually iden- 
tical foci, although smaller m size, were found in Rabbit 7 which had 
been injected iiitravenoiisR with small quantities of well-filtered emul- 
sions of 1 per cent strength the total amount of cholesterol being only 
1 gm m thirty-six days (see Fig 2 ') These were w^ell-demarcated 
areas of destruction of the liver parenchyma wnth large deposits of a 
reddish yellow material not all of wdiich appeared as doubly refrac- 
tive substances under the polarirmg microscope The cholesterol ester^^ 
w^ere probably not simply liberated from tbeir cell boundaries in the 
process of disintegiation, but were broken up and new cholesterol com- 
pounds W'ere formed w'hich have no anisotiopic properties Since all 
the animals of Group 1 had such lesions and, wnth the one exception 
mentioned, none of the others, w e may assume that the large quantity 
of cholesterol in a dose, the high concentration, and possibly the pres- 
ence of large particles m the emulsion, w'ere responsible for the 
destructive eftect Cells, probably perfectly normal until the time of 
the first injection, w^ere suddenly taxed far beyond their capacity of 
intake and output, no time being gnen them for adajitation to an 
abnormal task, they succumbed completely Rabbit 7, m wdiich the 
cholesterol w^as gradually introduced in fine homogeneous emulsions of 
lowf strength and in small doses (1 gm in thirty-tw^o days), the 
conditions wdiich made similar lesions possible are in all likelihood the 
following (a) The rabbit w^as old, if w^e judge from the jiresence of 
the marked spontaneous arteriosclerotic processes of the aorta, (b) 
the liver had undergone senile changes, as showm by frozen sections 
not treated wnth alcohol, (c) the capacity of the liver cells for the 
taking up and giving off of an excess of cholesterol w^as much below 
par, and they succumbed under a proportionately small task and in 
spite of the time given them for adaptation 

Chatalow^® attributes the injurious effect of cholesterol on the cells 
not to its chemical, but to its physical projierties This substance is 
deposited m the organs in the form of liquid crystals , as these 
anisotropic droplets become larger by confluence of smaller ones, and 
accumulate in sufficient numbers, they act as foreign bodies But 
how are we to account for the accumulation of cholesterolesters in 
spots ^ Apparently only some Kupffer cells, sometimes in widely sepa- 
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rated regions, take up an excess of cholesterol from the blood and 
cause the neighboring liver cells to be loaded with anisotropic sub- 
stances The typical cholesteiol infiltration seems to be focal and not 
diffuse, as illustrated m the liver by the disseminated areas of dense 
cholesterol accumulations and the focal regions of necrosis It sug- 
gests an elective action on the part of the endothelial cells, whose nor- 
mally phagocytic action is heie coupled vith the function of conveying 
their charge to other cells, that is, the liver cells 

Since to all appearances the amount of cholesterol infiltration in 
the liver as well as in the kidney sometimes is entirely out of propor- 



Fig 2 — -View of liver substance stained with Sudan III and hematoxylin 
Large focus of tissue destruction, with large amounts of cholesterol deposits, 
from Rabbit 1, which received intraperitoneally 4 gm cholesterol in unfiltered 
emulsions of high concentration 

tion to the quantity injected, a considerable portion of it must be 
regarded as spontaneously produced It may be assumed that the 
initial infiltration which follows the first suddenly established period 
of hypercholesterolemia renders the cells more susceptible to later 
periods and even reduces their capacity for the normal amount of work 
in the cholesterol metabolism This again constitutes a factor in a 
general disturbance of the cholesterol regulating machinery It has 
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been said that the cholesterol content of the blood is very easily 
changed so that even the suspending of the animal for hloodtaking 
produces vaiiations in the figures With such premises we may easily 
helle^e that the constantly repeated irritation from inlraperitoneal 
injections for four months in a control rabbit caused a periodical occur- 
rence of spontaneous hypeicholesterolemia, followed finally by an infil- 
tiation of an oigan which normally is chiefly concerned in the choles- 
terol metabolism, hut which in the rabbit becomes readily “insufficient ” 
In pregnancy hypercholesterolemia occurs jihysiologically (Stern- 
berg,^- Huftmanid^) But there is no parallel increase in the elimina- 
tion of cholesterol through the bile Bacmeister and Ha^ ers"* attribute 
this hypeicholesterolemia to retention of the lipoids and not to 
endogenous new formation in the body Toward the end of pregnancy, 
the “liver filter” becomes denser and the liver cells shut off the outflow 
of the blood cholesteiol into the bile These authois admit, howe\er, 
that there may be also an alteration in the constitution of the lipoids 
themselves, as a result of which the chemically changed cholesterol 
compounds cannot pass through the unchanged liver cells A nonnal 
pregnant rabbit which I examined show'ed no trace of anisotropic sub- 
stances in sections fiom larious portions of the luer, but I found a 
fair amount of cholesterol m that of the pregnant Conti ol Rabbit 13, 
wffiich recened sixteen intra\enous injections of the control fluid (free 
from cholesterol) and w^as under observation for forty-three days A 
pus infection in the external meatus W'hich had been present was dis- 
co\ ered only when the badlv inv'oh ed ear was to be used It was also 
biiten in the ear by anothei rabbit and had to be isolated It is reason- 
able to assume that the rejieated irritation from intravenous injections, 
the treating of a painful eai and ev^en the frequent examination of the 
rectal temperature contributed tow^ard further increasing the physio- 
logical hypercholesterolemia of pregnancy wuth subsequent cholesterol 
infiltration in the liver Rabbit 11, which was injected intravenously 
by the inteimittent method and received only 2 gm in one hundred and 
eight days, had, of all the animals, the most marked cholesterol infiltra- 
tion of the liver and the kidney It wxis jjregnant twice during this 
jDeiiod and in that condition at the time of death There is no doubt 
that a laige part of the amount of cholesterol in the oigans of this rab- 
bit w'^as not that retained from the injections but was spontaneously 
pioduced We have here an example, I believe, of a case in wdnch 
hypercholesterolemia and cholesteatosis may be the cause and effect 

12 Sternberg Die Nebenniere bei physiologischer (Schwangersebaft) und 
arlifi 7 ieller Hypercholestennamie, Beitr z path Anat u z allg Path , 191 , 
lx, 91 

13 Huffmann Zur Bestimmung des Gesamtcholestenns im Blute an geburts- 
hilfl'chen und gynakologischen Fallen, Zentralbl f Gynak , 1915, xxix, 33 
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of pathologic conditions The primary cause of both may be disturbed 
cellular functions of momentary, short or long duiation, thereby chang- 
ing the hpoid character of the cell Food as such probably plays a ver^ 
small part, if any, in the production of cholesterol deposits in function- 
ating organs 

An interesting coincidence is the lack of any noteworthy cholesterol 
infiltration of the liver and the presence of numerous gallstones in the 
gallbladder of Rabbit 6 which was injected intraperitoneally each da> 
for two months with 10 c c of a 2 per cent emulsion The kidney 
showed as much cholesterol infiltration as in other marked cases The 



Fig 3 — View of kidney tissue stained with sudan III Marked infiltration 
of tubules with cholesterol, from Rabbit 11 

cells of this liver were apparently unusually permeable and capable of 
taking up and giving off large quantities of cholesterol without loading 
themselves with anisotropic substances It was an exceptionally well 
functionating filter and in this respect more comparable to the liver of 
carnivora, but on account of the unhindered passage of enormous 
quantities of cholesterol through the rabbit’s liver, there was a constant 
abnormally high cholesterol content of the bile and gallstones formed 
In two other rablnts, which had numerous sandy concretions, the infil- 
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tralion of the liver was considerable, although not excessive, and was 
of the diftuse tvpe involving chiefly the Kupffer and endothelial cells 
The results of my expeiiments difter in some respects from those 
of Chatalow These diflferences arise, of course, from the methods 
employed In his case considerable quantities of fat were given with 
cholesterol and consequently large amounts of fat reappeared in the 
liver In my experiments no fat and no other hpoids besides choles- 
teiol were given, and m no instance does fat appear in the li\er stiuc- 
ture, where it does occur, it is limited to the periportal spaces widened 
by proliferation of connective tissue Chatalow’s explanation of the 
manner in which the amsotiopic infiltration or “Verfettung” may occur 
IS not applicable to my observations He states that “it is necessary 
that isotropic fats accumulate in sufficient quantity in the organ and 
perhaps also that free fatty acids develop, in order that cholesterol 
may be bound and retained ” According to him, deposits of anisotropic 
fats are observed chiefly in those poitions of the liver in which the iso- 
tropic fats are concentrated, and consequently also saturated with cho- 
lesterol compounds Chatalow himself admits that in his explanation he 
considers exclusnely his experiments of feeding animals with choles- 
terol dissolved in sunflower seed oil That in some pathologic conditions 
of the human liver the increase of the fatty constituents may be asso- 
ciated with an increase of its cholesterol content and with a correspond- 
ing rise m the cholesterol content of the bile, appears from the work of 
Le Count and Long ’ ‘ I also failed to find proliferation of the epi- 
thelium of the bile ducts or hypertrophic proliferation of these ducts 
such as Chatalow describes Anisotropic substances were not found in 
the epithelium of these ducts or in that of the gallbladder, and only 
rarely a substance which takes the cholesterol tint with sudan III wab 
seen in the epithelial cells of the smaller bile ducts Chatalow states 
that the oil of sunflower seed does not j^roduce any pathologic altera- 
tions m the liver, that it appears ver}'- soon in the epithelial cells of 
the bile ducts and in the liver cells surrounding the central vein, and 
that it IS eliminated with the bile, passes over into the blood, and in 
continued feeding produces a diffuse, even infiltration in the liver He 
believes that the presence of fat in the epithelial cells favors the 
increased elimination of cholesterol compounds and that the irritation 
fiom these incites the proliferation of connective tissue Finally a 
substitution of true livei cells by proliferated cells of the bile ducts, 
as he observed could not be demonstrated in the livers of my rabbits 
Whenever the infiltration with cholesterol was diffuse and located in 
the peripheral portion of the lobule, the cells thus infiltrated reached 

14 LeCount and Long The Relation Between the Fat Content of the Bile 
and Fatty Changes in the Liver, Jour Exper Med , 1914, xix, 234 
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to the very border line, while the newly formed cells observed by 
Chatalow, although morphologically like true liver cells, did not func- 
tionate as such, that is, they did not take up cholesterol In closer 
analogy with my findings are the observations of Rothschild,^® who 
studied the relations of h3^percholesterolemia in rabbits following bilat- 
eral suprarenectomy, and the increase of the amount of cholesterol in 
the liver and in the bile Deposits of anisotropic substances were found 



j7jg 4 — View from the same kidney as Figure 3 Paraffin section stained 
with hematoxylin and eosin Triangular area with the base toward the cap- 
sule showing marked degenerative processes 


only in Kupffer cells The epithelial cells of the bile ducts were free 
from cholesterol, and those of the gallbladder only occasionally con- 
tained single isotropic fat droplets According to Rothschild the 
Kupffer cells are the intermediary and the liver the “regulating” organ 
«• 

IS Rothschild Ueber die Beziehungen der Leber zum Cholesterinstoff- 
wechsel, Beitr z path Anat u z allg Path , 1914, Ix, 66 
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in the cholesterol metabolism, inasmuch as it maintains the cholesterol 
equilibrium of the organism through the elimination in the bile 

The sources of the cholesterol in spontaneous hypercholesterolemia, 
physiological and pathological, arc yet unknown They are probabh 
manifold, including physical and chemical alterations of the cell as 
well as functional disturbance of entire organs The various parts of 
an intiicate cholesterol metabolic apparatus may be in such intimate 
intei action that insufficiency on the part of one will throw an extra 
burden on another engaged in a ditterent manner in the cholesterol 
work, which again imolvcs another, producing a state of functional 
instability Some organs seem to be ])rccminently depots, such as the 
adrenah, the ovaries," the fatty tissue, from which the cholesterol is 
mobilized, so to speak, in time of general disturbance Rothschild'" 
showed that in a state of inanition rabbits present a condition similar 
to that following suprarenectomy, namely, an increase of cholesterol 
in the blood the adrenal, the Iner and the bile He behexes that the 
increase of this substance in some of the x ital organs may be attributed 
to an increase of the blood cholesterol, and this again to a greatei 
activity in the catabolic cellular processes, chiefly in the less vital organs 
(fatty tissue) The great x'ariations in the eftect of cholesterol on 
the hxei of the rabbits in my experiments indicate a great variability in 
the functional adaptability of the lix'ei cells to the increased influx of 
cholesterol from the blood Such diflerences may arise from age, sex, 
disposition, that is, indixndual tendencies, transitory or lasting morbid 
conditions Cholesterol alone in excessixe quantities may have a 
destructive effect on normal, healthy cells and injure them beyond the 
possibility of recuperation Continued overtaxing of the cells from 
long-sustained hypercholesterolemia may cause “insufficiency ’ xvith 
ultimate destruction of parenchyma Individually, the normal function 
may be beloxv the average requirements and this relatixe insufficiency 
may cause deposits in other organs, but the cells, primarily xveakened 
and impaired, succumb readily ex'en to a slight increase of the blood 
cholesterol This primary alteration itself may be an alteration of the 
hpoid character of the cell Accoiding to Chx'ostek,'" the infiltration 
of an organ xvith cholesterol is preceded by an alteration in the constitu- 
t’on of the cells (cutaneous), as a result of xvhich the hpoid substance^' 
already existing m the cells, are separated from their combinations and 
made visible, and the introduction of fresh cholesterol causes an infil- 
tration of such cells with this stibstance 

16 Rothschild Zur Physiologic des Cholesterinstoffwechsels V Der 
Cholestenngehalt des Elutes und einiger Organe im Hungerzustand, ei r 
path Anat u z allg Path , 1915, lx, 227 

17 Quoted from Weltmann and Biach (Note 6) 
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The mucosa of the gallbladder examined by the polarizing micro- 
scope was absolutely free from doubly refractive substances in all rab- 
bits In histological sections three of them, Rabbits 6, 8 and 9, pre- 
sented an exceptional feature A substance which stains reddish with 
Sudan III and purplish blue with Nile blue sulphate is present abun- 
dantly in a number of vilh It is not in the epithelium, for this is shed, 
but it generally occupies the central portion of the villus, forming 
designs which recall the chyle ducts in the intestine They are often 
branched or spider like and are probably widely distended lymph 
channels filled with fat and such cholesterol compounds as have no 
anisotropic properties (see Fig 5) In the finer branches particularly 



Fig 5 — Gallbladder, stained with sudan III and hematoxylin Widely d.s- 
tended lymph vessels in the mucosa filled with cholesterol and fat, from Rab- 
bit 8, which received intravenously 2 5 gm cholesterol m thirty-two days 

it is clearly seen that rather large cells, which occupy these vessels, 
are loaded with granular reddish stained material Kaufmann^® men- 
tions such observations with regard to the human gallbladder, the 
substance, which is withm large cells in lymph vessels, is fat, and he 
believes that it is resorbed from the bile Lichtwitz^'* describes masses 


18 Kaufmann Lehrbuch der speziellen pathologischen Anatomic, Berlin, 
1911 (1). p 622 

19 Lichtwitz Ueber die Bildung der Harn- und Gallensteine, Berlin, 1914, 
p 69 
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lying lieneath the epithelium in a linman gallbladder, which were doubly 
lefraclive substances He states that in some places they had broken 
through the mucosa A i elation to the lymph \essels could not be 
observed Fiom the picture he concludes that the masses containing 
cholesteiol penetiate from the gallbladder to the surface of the mucosa, 
thence into the bile According to him the bile recenes its cholesterol 
fiom tuo sources, fiom the liver cells and from the gallbladder wall 
He writes “Since the solubility of cholesteiol is achieved by means ot 
other colloidal substances, it is quite possible that the condition of the 
solution varies y ith the source of the cholesterol ” The “Iner choles- 
terol” may have a solubility difierent fiom that of the “yall choles- 
terol ” In this interpretation he disagrees with Aschoff and Bac- 
meister*’ who believe that the cholesterol of the gallbladder wall has 
been resorbed from the bile as esters and set free in the epithehuin 
of the bladdei The diverging a lew s about the origin of the biliary 
cholesterol aie represented on the one side by Chauffard, Laroche and 
Grigatit,-^ and Naunyn-- who consider it as a secretion of the epithelial 
cells of the bile ducts, and on the other side by Aschoff,-^ Landau and 
McNee-‘ and Roth'^child According to these authors, cholesterol 
found in the epithelium of the gallbladder is a result of resorption 
from the bile 

111 several labbits the mucosa of the gallbladder showed a lery 
extensive desquamation of the epithelial cells, which for larious rea- 
sons I am inclined to consider as due not to postmortem changes, but 
to the 11 ntating intravitam action of an excess of cholesterol in the bile 
The necropsy ivas made immediately after killing the animals, and the 
bile was withdrawn with a pipet In Rabbit 11, which died unex- 
pectedly and whose necropsy could be made only on the following day, 
the mucosal lining was preser\ed It was intact also in Rabbit 12 
These tno rabbits leceived very small quantities of cholesterol by the 
intermittent method dining a period of 108 days Fiom the extensive 
cholesterol infiltration in the liver we may presume that the elimination 
of cholesterol through the bile was not abnormally increased In all 
those rabbits which had gallstones oi small concretions, besides some 
which had none, but whose bile probably had an excess of cholesterol, 
the desquamation of epithelial cells ivas very marked The shed cells 

20 Quoted from Lichtwitz (Note 19) 

21 Chauffard, Laroche and Gngaut Sur Tongine de la cholesterme bdiaire 
Recherches experimentales sur la cholestermemie apres ligature du choledoque, 
Soc biol , 1913, Kxiv, 1005 and 1093 

22 Naunyn Quoted from Lichtwitz (Note 19) 

23 Aschoff Zur Frage der Cholestennbildung in der Gallenblase, Munciien 

med Wchnschr , 1906, liii, 1846 , 

24 McNee Zur Physiologic des Cholestermstoffwechsels, Beitr z patn 
Anat u z allg Path , 1914, Iviii, 667 
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letained in the lumen in paraffin sections, showed all stages of disin- 
tegration The denuded villi were sometimes matted together forming 
a network in the meshes of which there were cell debris and pigment 

Gallstones of any appreciable size produced by experimental hyper- 
cholesterolemia have not been reported previously in literature The 
contracted and knotty gallbladder of Rabbit 6 contained a number of 
small concretions and twelve stones with a diameter of 2 and 3 mm , 
the small amount of bile which could be withdrawn was full of black 
granules The gallstones were irregular, brittle and not faceted Some 
of them were treated and embedded in paraffin by the method of 
Aoyama"* Sections stained with methylene blue showed that disin- 
tegrated cells formed the framework of these stones, while cell rem- 
nants and faint nuclei were still discernible in the outer portion of 
such sections The cell debris was rolled up and held together with 
pigment and calcareous substances and the masses thus formed were 
placed tile-hke in apposition foiming parallel trabeculae Bacteria 
were not found in the gallstones, in the lumen or in the gallbladder 
wall All indications of inflammatory processes also were lacking 
Evidently these gallstones were formed m sterile bile The liver of 
this rabbit did not show any noteworthy cholesterol infiltration m sec- 
tions taken from five difierent portions The greatly hypercholesterol- 
emic blood passed through this exceptionally permeable organ unim- 
peded and enormous quantities of cholesterol were poured out into the 
bile, which acted as a violent irritant on the epithelial cells, they were 
injured and desquamated en masse, clumped together and formed the 
organic scaffold to wdiich the substances precipitated from the bile were 
anchored These multiple stones of trabecular construction with a 
clearly organic scaffold, of recent formation and of a noninflammatory 
origin I do not venture to identify with types of human gallstones 
The differences in the normal conditions m rabbits from those in man 
suggest equal differences in pathologic processes It is knowm that 
human gallstones not soluble in human bile may dissolve m animal bile 
Aschoff-® pointed out that not only is the cholesterol content of the 
bile in the dog, the rabbit and the ox strikingly small as compared wnth 
that in man, but there are also diffeiences m the relative values of the 
other constituents, all of which result m a difference of solubility 
The chief analogy of value between these experimentally produced 
gallstones and those occurring in man lies in the association of gall- 
stone formation wath hypercholesterolemia The frequent occurrence 
of gallstones in w'omen has often been attributed to mechanical factors, 

25 Aoyama Zur Frage der Cholelithiasis, Beitr z path Anat u z allg 
Path , 1913, Ivii, 169 

26 Aschoff Wie entstehen die reinen Cholesterinsteine^ Munchen med 
Wchnschr , 1913, lx, 1753 
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among them pressure eftects m pregnanc}’^ liypeicholesterolemia is 
always associated with this condition, and probably plays the greatei 
part Herrmann and Neumann^" behe\e that the high cholesterol con- 
tent of the blood m pregnancy is the result of retention in the blood, 
in the puerperium most of it is eliminated by the milk, nonlactating 
women retain the hpoidemia longer Aschoft,-'' howe\er, states that 
only part of the blood cholesterol is carried off by the milk, as also by 
the urine , another portion is eliminated through the bile, as some obser- 
vations of McNee-® indicate According to Bacmeister and Ha\ers,® 
the greater deiisit}' of the liver during the latter part of pregnancy 
causes retention of the blood cholesterol, and immediately after delivery 
cholesterol is suddenly poured out in abundance into the bile Aschoff"’ 
calls attention to the obseriation that the first attacks of gallstones are 
often observed in pregnancy and that we may assume stone formation 
to occur during or shortly after labor The structure of these pure 
cholesterol stones, which arc not concentric, but of a chaotic, trabeculai 
type, indicates a more or less hurried formation by the crystallizing 
out of pure cholesterol from the bile They are, as a rule, of a non- 
inflammatory origin, occur at a rclatuely early age, and are the result 
of hyperchole'^terolemia followed by sudden precipitation processes in 
the bile under the influence of labor or the puerperium 

Compared wnth the w'ell marked effects of cholesterol in the kidne> 
and liver in most of the rabbits the imolvement of the aorta \vas slight 
Macroscopic changes w^ere absent in all but one As examined by the 
micropolanscopc, cholesteiol was entirely absent in three, and the 
amount was slight in three others The very marked process of degen- 
eration in the media of Rabbit 7 must be considered as spontaneous, 
that IS, of the adrenalin type referred to in literature, because none of 
the alterations \vere found in the aorta of any of the others, all of 
wdiich, except one, had received much larger doses Weltmann and 
Biach® state that they failed to produce any atheromatous changes with 
deposits of doubly refractive substances in the aorta of rabbits fed with 
cholesteiol for some time By primarily injuring the blood vessels 
through injections of adrenalin an arteriosclerosis of the adrenalin 
type occuired in such rabbits Anisotropic substances, how^ever, w^ere 
not obseived by them Perhaps much larger quantities of cholesterol 
by feeding than these authors used and larger amounts than I adminis- 
tered by intrapentoneal and intravenous injections are necessary to 

27 Herrmann and Neumann Ueber die Lipoide der Graviditat und deren 
Ausscheidung nach vollendeter Schwangerschaft, Wien klin Wchnschr , 1912 
XXV, 1557 

28 McNee Zur Frage des Cholestermgehalts der Galle wahrend der 
Schwangerschaft, Deutsch med Wchnschr, 1913, xxxix, 995 

29 Aschoff Bemerkungen zur Arbeit von McNee, Deutsch med Wchnschr , 
1913, xxxix, 995 
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produce such thickening of the iiitima with large cholesterol deposits 
as Anitschkow^® described In my observation large mtima cells were 
present in nearly all the instances where cells of this layer of the vessel 
wall were infiltrated with cholesterol, but they were not increased in 
number, they were simply enlarged mtima cells proper, the ballooned 
protoplasmic body bulging out into the lumen of the vessel Nodular 
thickening of the mtima occurred in two cases, but it was of the type 
of hypertrophic connective tissue, iii the center of which there were 
some cholesterol deposits Fat was generally found m addition to 
cholesterol and often in greater amount thai/this An observation of 
some interest was the uniform marked infiltration with fat and choles- 
terol of the entire mtima and some adjoining layers of the media in 
an instance where a tear through the inner layers of the aorta was 
found (probably agonal or postagonal) 

As to the adrenal, it is impossible to systematize the observations 
Seemingly there is no correlation between the amount of cholesterol m 
this oigan and that in the liver and kidney as far as these experiments 
are concerned As determined by the micropolariscope, it varied some- 
times greatly in the two adrenals of the same rabbit In Rabbit 14, 
a control animal for intrapentoneal injections, the amount of choles- 
terol in both adrenals was scanty, in Rabbit 13, control animal for 
intravenous injections, which was pregnant when killed, there was an 
abundance The same was observed in a normal pregnant rabbit 
Rabbit 11, also pregnant at the time of death, and in which the choles- 
teiol infiltration in the liver and kidney was most marked, had a small 
amount of cholesterol in the adrenal In still another control animal 
in the early stage of pregnancy there was a very scanty amount of 
doubly refractive substance in the adrenal There were great varia- 
tions in the state of division and in the distribution of the crystalline 
substances They were finely or very finely divided or occurred in 
coarse conglomerations In four cases the glomerulosa was almost 
entirely free from cholesterol Fat was present in abundance in all, 
and apparently more so in proportion as the amount of cholesterol 
was scanty , 

My observation of the amount of doubly refractive substances m 
the spleen of the cholesterohzed rabbits agrees with that of Weltmann 
and Viach, who found only small quantities of anisotropic droplets in 
this organ There was no cholesterol, as determined by the polarizing 
microscope, in the spleen of four, and a very scanty amount in that 
of six rabbits In all it occurred in exceedingly finely divided crystal- 
line substances But as in the kidney and the gallbladder, so also in 

30 Anitschkow Ueber die Veranderungen der Kaninchenaorta bei experi- 
menteller Cholestennsteatose, Beitr z path Anat u z allg Path , 1913, Ivi, 379 
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the spleen, there may ha\ e been cholesterol compounds which were not 
anisotropic, for m sections stained with siidan III there were often 
more or less numerous small areas which took the typical cholesterol 
tint A striking occurrence of large infiltrated cells, such as described 
by Anitschkow’’^ and by Soper,’’- I was unable to obseive 

Weltmann and Biach'* are the only authors, to my knowledge, who 
ha\e produced an infiltration of the kidney with cholesterol in rabbits 
In addition to feeding them with this substance they injected uranium 
nitrate and adrenalin in order to favor such an infiltration, wdiich thej 
failed to pioduce wuth cholesterol alone They fed a rabbit for tw^enty- 
four days with 1 gm cholesterol daily During the last se\ en days of 
this period uranium nitrate w'as injected intrai^entoneally in three 
doses Macroscopically the kidney show^ed the signs of nephritis The 
polarizing microscope revealed doubly refractive substances in the epi- 
thelium of the tubules wdiicli appeared as “light stripes ” “This locali- 
zation,” the authors w rite “is interesting inasmuch as in nephritis from 
uianium poisoning an injury to the tubular apparatus is, according to 
the in\estigations of Suzuki, the chief imohement ” A second experi- 
ment, in wdiich the eftect of uranium nitrate w'as combined with that 
of adrenalin, the kidney show'ed a similar picture, although less pro- 
nounced A control experiment with pure uranium nitrate wuthout 
cholesteiol had negative results 

The results of the polariscopic examination of the kidneys m my 
experiments need a special explanation Doubly refractne droplets, 
wdiich after heating show the cross figure on cooling, could be demon- 
strated only in one case, wdiere these substances formed luminous, 
compact bands of varying length wuthin the lumen of the straight 
Tubules, and formed a narrow^ lining of some neighboring tubules 
Single scattered droplets w^ere seen in many kidneys in considerable 
number as they were quite generally observed in the spleen But the 
substance which infiltrates tubules in foci, and wduch takes the typical 
yellowish red tint wuth sudan III, did not flash up as sj^arkling doubly 
refractive droplets under the polarizing microscope They appeared 
as tubules wuth a soraewdiat dull silvery hue Their relief against the 
background wuth darker tubules w'as not marked enough to give satis- 
factory photomicrographs But so invariably did they reappear in 
Sudan III stained sections that the conviction w^as very strong that this 
substance was cholesterol It would be interesting to know’’ whethei 
Weltmann and Biach’s remark that the doubly refractive droplets “als 

31 Anitschkow Ueber expenmentell erzeugte Ablagerungen ^on anisotropen 
Lipoidsubstanzen in der Milz und im Knochenmark, Beitr z path Anat u z 
allg Path , 1913, 57, 201 

32 Soper Zur Physiologic des Cholestennstoffwechsels, VI Ueber Bezie- 
hungen der Milz zum Cholesterinstolfwechsel, Beitr z path Anat u z allg 
Path . 1915, lx, 232 


KAETHE DEWEY 


779 


helle Streifeii aufleucliteten” would apply to the tubules which T 
describe as silvery The kidneys examined had been in formalin foi 
periods of different lengths The characteristic cross figure could not 
be observed 

Several explanations for the nature and aspect of these substances 
are possible The doubly lefractive droplets are advantageously 
studied when isolated This is easily done by allowing them to pass 
with the water beyond the margin of the section, or by squeezing them 
with slight pressure out of a well-infiltrated section, for example, from 
a fresh adrenal It will then be noticed that the droplets are of all 
sizes and that the black cross is still discernible m extremely minute 
droplets, so minute that they cease to sparkle, and droplets can be seen 
so infinitesimal that the cross figure is beyond the limit of vision There 
IS no reason to believe that m a collection of droplets m which all those 
large enough to exhibit the cross can be identified as anisotropic drop- 
lets the smalle<=t ones are different Droplets of such extremely small 
dimensions would hardly flash up with brilliancy, but would rather 
ha\e a dim appearance under the polarizing microscope Weltmann 
and Biach say of the adrenals of normal rabbits, that “they show a 
fine fog of doubly refractive droplets and relatively few large ones ” 
“Fine fog” IS the best description of such a picture as I have observed 
in portions of adrenals from cholesterohzed rabbits and it is not unlike 
the appearance of tubules of the kidneys infiltrated with cholesterol 
In sections of the liver, in which the anisotropic infiltration appeared m 
compact radial sparkling columns, these often stopped abruptly, but it 
could be seen that sometimes beyond such heavily infiltrated liver cells 
there were in the same columns stray masses of presumably the iden- 
tical substance, but so scanty m amount that they appeared only as 
dull silvery shreds W ith the high poAver lens the orange red substance 
in the infiltrated tubules appeared as extremely fine granules, such 
tubules looked as if powdered This was an average appearance How- 
ever, in a few cases, particularly in Rabbit 11, there were larger 
granules in addition to this dustlike substance and we might conclude 
that these were the typical cholesterol esters They were not neutral 
fat , even if large they never had the even contour or the red color of 
the fat droplets Yet they did not flash up as anisotropic droplets 
under the micropolanscope We must therefore conclude that these 
were cholesterol compounds aaIiicIi are not anisotropic I have con- 
vinced myself that the cholesterol esters, which appear as doubly 
refractive substances, are not all identical in their characteristics At 
least there are variations when the tissues have been fixed in formalin 
The melting point is not the^same, in fact there is quite a range of 
temperature Avithin which these substances may melt, on cooling they 
do not all reappear as droplets with the cross figure, an obsen^ation 
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quantity of urine was sufficient the cholesterol content was determined 
by the colonmetnc method The figures given in the table aie probably 
a little lowei than they should he, because some of the, sediment was 
used for micioscopic examination Epithelial cells were found m onh 
a few cases and always m small numbers, casts were observed in only 
one instance In seveial rabbits the urine was ver} thick and creamy 
ll3^percholesterolcmia occurs regulaily m chronic nephritis, accord- 
ing to Wellmann,’* Bacmeislcr and Henes Chauffard, Laroche and 
Grigaut,’’^ Widal, Weill and Laudat Weltmann could not demon- 
strate an obviously constant dependence of the scrum cholesterol on the 
gravity of the renal disturbances, while Bacmeister and Henes believe 
that It luns parallel with the degree of the generally impaired condition 
of health Amyloid kidney is also associated with an increase of the 
blood cholesterol Doubl} refractive substances have been found in 
the sediment of the urine in chronic nephritis and in amyloid kidney 
by Lav nnovich"'’' and Secchi '• There is no constant relation between 
the cholesterol content of the urine and blood according to Ferre, 
Mauriac and Defaye Quantitative analyses of the kidneys for then 
content in fat and fathke substances have not had uniform results 
(Thaissen and Hess,'”’ Roscnfeld,^'* Orglcr^’), Lohlein'^ bases his strict 
distinction between “fat infiltration” and “fatty degeneration” on the 
pathologic and clinical differences In the former droplets consisting 

33 Bacmcistcr and Henes Untersucliungen nber den Cholcstenngehalt des 
menschlichen Blutes bei verscliiedenen innercn Kr.uiklieiten Dcntscli med 
Wchnschr, 1913 xwix, 544 

34 Gngaut Dosage compare dc la cliolcstcnnc dans Ic scrum ct dans les 
oedemes, Compt rend Soc dc biol , 1911, K\, 317 

35 Weill and Laudat Etude comparatuc du tau\ dc la cbolestcrme fibre 
et de ses etfiers dans Ic scrum sanguin, Soc dc biol , Compt rend liebd d sc 
et mem , 1913, Iwiv, 882 

36 Lavnnovicli Cliolestcnn Esters in tfie Urine, Jour Am Med Assn , 
1914, 1x111, 1615, abstract from tfie original article in Russk Vraefi , 1914, xin, 19 

37 Secchi Sul valore clinico dei lipoidi birifrangenti nell urina. Bull Sc 
Med ,1914 p 83 

38 Ferre, Mauriac and Defaye Sur la quantite dc cbolesterine contenue dans 
certains liquides normaux on patfiologiques de Torganisme, Compt rend Soc de 
biol , 1912, Ixxiii, 141 

39 Thaissen and Hess Beitrage zur physiologiscfien Chemie des Cboles- 
terins und der Cfiolesterinester, Biochem Ztschr, 1914, Ixii, 89 and 115 

40 Rosenfeld Ueber Organverfettung, Verb d 20, Kongr f mn Med, 

1902, 235 

41 Orgler Ueber Beziefiungen zwisclien cfiemischem und morphologischem 
Verhalten pathologisch veranderter Nieren, Verhandl d deutsch path Cesellsch , 

1903, VI, 76 Chemische Niereuntersuchungen unter Berucksichtigung des 
histologischen Bildes, Virch Arch f path Anat , 1904, cKxvi, 413 

42 Ueber die in pathologisch veranderten Nieren sichtbar werdende fettahn- 
liche Substanz, Verhandl d deutsch path Cesellsch , 1904, viii, 33 Ueber Fett- 
infiltration und fettige Degeneration der Niere des Menschen, Virch Arch f 
path Anat , 1905, cviii, 1 
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exclusnely of “fat” are accumulated m the epithelial cells of the 
tubules, involving either the entire parenchyma or such portions as 
are morphologically connected The infiltrated cells are not injured, 
and albuminuria is not an associated feature in this condition “Fatty 
degeneration,” on the other hand, is characterized by focal deposits 
of highly refractive substances in the parenchyma, especially in the 
cortex The epithelial cells are gravely damaged, and fat and fatlike 
substances occupy the intertubular tissue Clinically, albuminuria is 
generally obserAed This fatlike substance found m the kidney in 
pathologic conditions was at first considered as “protagon” (Stoerk,^" 
Orgler,'*'* Lohlein'*-). however. Panzer*" reported that procedures appli- 
cable to the demonstration of protagon proved to be of no avail with 
kidneys morphologically rich in doubly refractive substances, while 
with proper measures for the extraction of this lipoid, cholesterol and 
cholesterolesters were obtained Several large white kidneys were 
thus analyzed 

The cholesterol infiltration of the kidneys of rabbits apparently 
resembles certain pathologic conditions in the human kidney, such as 
the large white kidney This fact is of value, as we have to take into 
account that an infiltration of the liver such as occurs in rabbits is 
scarcely analogous to processes of the Iner in man How can we 
conceive of a spontaneously produced cholesterol infiltration in the 
human kidney^ It is likely that the maintenance of the cholesterol 
equilibrium is dependent on the interaction of the various components 
of a regulating apparatus, the composition and the exact working of 
which we do not yet know Derived from the food, as seems to be 
established, cholesterol forms a constituent of the cells of all the 
tissues and is present in all the normal and pathologic fluids of the 
body It IS stored in some organs and tissues, which seem to be 
cholesterol depots, such as the adrenal, the ovary and the adipose 
tissue The close relationship, embryologically, between the kidney, 
the adrenal and the ovary may account for the relatively high normal 
cholesterol content of the kidney and the ready infiltration with this 
substance in pathologic conditions The normal cholesterol content of 
the blood remains the same within certain limits It rises and falls 
according to physiologic and pathologic conditions, ivhich, apart from 
an} transitory hypercholesterolemia follov mg a diet rich in cholesterol, 
is probably entirely independent of food as hypercholesterolemia occurs 

43 Ueber Protagon und uber die grosse -weisse Niere, Sitzungsb d k Akad 
d Wissensch , Math -natunv Klasse, Wien , 1905, cxv, 31 

45 Panzer Ueber das sagenannte Protagon der Niere, Ztschr f ph>siol 
Chem , 1905, xh in, 519 Doppeltbrechende Substanzen aus pathologisclien 
Organen, Ibid , 1907, In , 239 
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in inanition (Rothschild,^” Terroine,^” Mayer and Schaeffer, Elhs and 
Gardner^®) The causes of such increase of the blood cholesterol 
are presumably manifold, but the processes may be chiefly that choles- 
terol IS mobih/ed from depots and is also liberated from cells of func- 
tionating organs by metabolic and catabolic processes in physiologic 
conditions Physical as well as chemical factors may be at work In 
a measure, as these oscillations in the cholesterol content of the blood 
occur and reoccur and pathologic conditions exist to retard and hinder 
the exact working of the entire machinery, cholesteral may be taken up 
more readily than under normal conditions, by cells which have been 
bathed m and iiritated by hypercholesterolemic blood The causes 
which lead to the development of a large white kidney and to the devel- 
opment of the nephritis of pregnancy, maj'^ be those wduch produce a 
frequent h}percholesterolcmia , can've and effect may here be in recipro- 
cal interaction In morbid conditions from many causes, there is 
probably a more oi less prolonged instability of the cholesterol equili- 
brium, and insufficiency of one component ordinarily concerned chiefly 
in the regulation of the equilibrium, as the Iner is supposed to be, 
throw's greater demands on other organs w'hich are physiologically less 
prepared for such w'ork, if in addition the cells are debilitated, they 
w'lll soon be incapacitated and cholesteiol w'lll not be disposed of to 
an extent proportionate to the leqiiirements. but will be deposited in 
excess and w'lll act w'lth destruction like a foreign body 

SUMMARY 

In experimental hypercholesterolemia the effects vary, not only 
according to the kind, size, and number of the doses, but also greatly 
according to the general condition of the rabbit, individual as W'ell as 
physiological and pathological The amount of cholesterol seems less 
essential than the degree of constitutional integrity and functional 
actn ity of the cell wdiich prevails prior to the injection, or w'hich results 
from the first establishment of an experimental hypercholesterolemia 

The ready infiltration in the liver of the rabbit, in contrast to that 
of carnivora, is an expression of insufficiency on the part of an organ 
W'hich has normally a light task to perform in the cholesterol 
metabolism 

46 Terroine Nouvellcs recherches sur I’lnfluence de rmanition et de la 
suralimentation sur la teneur des tissues en substances grasses et en choles- 
terine, Jour de physiol et de path gen , 1914, xvi, 408 

47 Mayer and Schaeffer Variations de la teneur des tissues en lipoides et 
en eau au cours de I’lnanition absolue Activite physiologique des tissues, Jour 
de physiol et de path gen , 1914, xvi, 203 and 244 

48 Gardner The origin and testing of cholesterol in the animal organism, 
IX On the cholesterol content of the tissues, other than liver, of rabbits 
under various diets and during inanition, Proc Roy Med and Chir Soc , 
1912, Ixxxv, 385 
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As a result of hypercholesterolemia gallstones may be formed m 
sterile bile without infection or injury of the gallbladder Their forma- 
tion IS preceded by desquamation of the epithelial cells, due to the 
irritating action of an excess of cholesterol 

Cholesterol injected into the circulation of rabbits is not accumu- 
lated in the blood to any large degree, but is rapidly deposited in -vari- 
ous organs, while the elimination of it through the bile and urine is 
also greatly increased 

The focal infiltration of the kidney with cholesterol which occurs in 
hypercholesterolemia is accompanied by degenerative processes of the 
parenchymatous structures The urine, as a rule, contains appreciable 
amounts of cholesterol 



A PHARMACOLOGIC AND CLINICAL STUDY OF 

PAPAVERIN 


DAVID I MACHT, Ivl D 

B\LTIMORt 

Papaverm is one of the principal primary opium alkaloids in point 
of both quantity and pharmacologic interest Its amount in opium 
^alles from OP to 0 2- per cent The alkaloid was discovered by 
Merck in 1848 It crystallizes m white prisms, with a melting point of 
147 C The crystals are insoluble in watei and alkalis, difficultly solu- 
ble in ether and benzol, but easily soluble in warm alcohol, chloroform 
and acetone It is tasteless, is neutral in reaction with litmus and is 
polariscopicall)^ inactive The alkaloid easily combines with acids, 
forming salts, and it is the sulphate and more especially the hydro- 
chloiid that are chiefly used in physiologic work These salts can be 
obtained on the market in a very puie chemical state, and are soluble 
111 water and in normal saline Like all the other opium alkaloids, 
papaverm is characterized by color reactions by which it can be identi- 
fied and distinguished fiom the others These color reactions have 
been recently well described by Warren The most characteristic 
are the deep rose color produced by Marquis’ reagent (sulphuric acid 
plus formaldehyd) and the greenish-blue color produced by potassium 
ferncyanid and Marquis’ reagent^ 

The empirical formula for papaverm is C 20 H 21 NO 4 Its chemical 
structure has been thoroughly worked out and is of great interest, not 
only in itself, but also as throwing light on the constitution of othei 
opium alkaloids A thorough analysis of its constitution finally 
enabled Pictet and Gams"'’ to prepare it synthetically Papaverm 
belongs to the so-called benz 3 d-isoquinolm group of opium alkaloids,® 

* Submitted for publication, March 27, 1916 

* From the Departments of Pharmacology and Medicine, Johns Hopkins 
University 

1 Simon Dissertation, Bern, 1903 

2 Henry The Plant Alkaloids, 1913 

3 Warren Am Jour Pharm , 1915, Ixxxvii, 439 

4 Warren Jour Am Chem Soc , 1915, xxxvii, 2402 

5 Pictet and Gams Beitr z Khn d Tuberk , xlu, 2943 

6 Winterstem and Trier Die Alkaloide, 1910, p 160 
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the principal other constituent of which is narcotm Its complete 
structural formula is as follows 


CH CH 

CHn-O-c/^ CH 


CH3 — O — C 


C 

CH C 

I 


N 


CH3 

A, 

CH CH 

CH3 — O — C\ /CH 

\/ 

CH3 — o — c 


I Pharmacology 

The earlier pharmacologic experiences with papaverin are very 
few and limited We need consider only the works of Claude Bernara 
and Baxt Claude Bernard' denied to papaverin any narcotic proper- 
ties, and classed it as a convulsant closely related to thebain This 
view, which is a rather exceptional one, is as remarkable as the same 
author’s attribution of powerful narcotic properties to the compara- 
tively inert narcein Sichting® from observations on himself and other 
human subjects concluded that papaverin is a mild narcotic The 
most important and comprehensive of the earlier works on papaverin 
IS that by Baxt ° Basing his conclusions on many animal experiments, 
Baxt claimed that papaverin is possessed of marked narcotic properties 
and IS but slightly toxic for higher animals The same author also 
called attention to its effect upon the frog’s heart Von Schroeder,^” 
m his classic paper on the opium alkaloids, takes stand midway 
between Claude Barnard and Baxt, attributing to papaverin mild 
narcotic properties and also calling attention to the slowing of the 
frog’s heart after injection of the drug It is surprising to note that 
he failed to observe a fall in blood pressure, which is one of its strik- 
ing characteristics 

Of the recent works on papaverin, by far the most important has 
been done by Pal of Vienna^^ and his school To Pal belongs the 


7 Cl Bernard Compt rend Acad d sc lix, 464 

8 Sichting Dissertation, Bonn, 1869 

9 Baxt Arch f Anat u Phjsiol, 1869, p 112 

10 V on Schroeder Arch f Exper Path u Pharmakol , 1883, xvii, 96 

11 Pal Deutsch med Wchnschr , 1913, pp 395, 2068, 2514, Wien med 
Wchnschr, 1913, p 1049, Zentralbl f Phjsiol, 1902, p 68 
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credit e'^pecially of calling attention to the action of papa\erin on 
smooth muscle It is strange to note, however, that although Pal has 
written much on the subject and tried the drug extensnely in the clinic 
he has published, with the exception of his work on the intestinal 
muscle, very few experimental data on the subject 

A more careful pharmacologic study of papaxenn by the most 
modern methods was desirable, and it was undertaken by the present 
author in connection with a general study of the opium alkaloids indi- 
xidually and in combination with each other The results were so 
interesting ana so fraught with therapeutic possibilities, that it is 
deemed well to desciibe the pharmacology of jiapaverin with a feu 
clinical experiences in a separate paper 

The most important jiharmacologic projierties of papaxenn may be 
consideied undei four headings — its cftcct on the circulation, its effect 
on the respiration, its analgesic efiect, and its action on smooth muscle 
structures 

A ACTION ON CIRCULATION 

Effect on the TJea)t — If xx'e excise a frog’s heart and perfuse if 
xvith a xx'eak solution of papavenn hydrochlorid (0 001 per cent or 
less) in physiologic saline solution, a distinct sloxving of the heart beat 
IS noted, together xvith an increase in the toxicity of the heart muscle 
and more poxverful contractions If a stronger solution of papaxerin 
IS u=ed (0 01 to 0 1 per cent), the stimulating action is absent, and 
instead, a greater sloxving of the beat and relaxation of the heart muscle 
are produced Still stronger solutions lead to a further sloxving and 
relaxation, and very often a heart-block effect is noted, the auricle 
beating oftener than the x'^entricle in the latio of 2 to 1, 3 to 1 or exen 
4 to 1 Finally the heart comes to a standstill m diastole This pecu- 
liar heart-block action is x'ery similar to that produced by the closely 
allied alkaloid narcotin, as described by the author elsexvhere Both 
Baxt and x on Schroeder noted the toxic effect of large doses of papa- 
verm on the frog’s heart, but they failed to note the stimulating action 
of the drug xvhen given in small doses (Fig 1) 

The stimulating action of papax^erin on the heart is much better 
shown 111 mammalia and xvas studied by the author in the rabbit, cat 
and dog This xvas done in part by perfusing excised hearts according 
to the methods of Martin or Langendoiff, but xx^as much more satis- 
factorily demonstrated by the study of the heart m situ xvith the chest 
opened, and the circulation intact By the use of a cardiac plethys- 
mograph or by direct myocardiographic tracings, it xvas found that 
small doses of papavenn produced a slight sloxving of the heart beat 
and a marked increase m the tonicity of the heart muscles The 
strength of the contractions and the volume output xvere also increased 


12 Macht Am Jour Med Sc , in press 
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That this effect was not due to the action on the cardio-inhibitory 
center, was shown by cutting the \agi That it was not due to the 
action of papaverin on the cranial autonomic nerve terminals m the 
heart, was shown by administering atropm, which paralyzed the vagus 
endings, but did not change the effect of papaverin That this action 
on the heart was not due to any effect on the cardio-accelerator 



Fig 1 — Effect of papaverin on a frog’s heart The down stroke represents 
the systole Note slowing and increased contraction by a small dose (0 001 
per cent ), and toxic effect of larger dose (001 per cent ) 



Fig 2 — Action of papaverin on heart of dog, myocardial tracing 


mechanism, was shown by destroying the stellate ganglia The stimu- 
lant effect w^as found to be due to a distinct action on the heart muscle 
Itself or the ganglia in it This was proved by experiments on decere- 
brated animals, on special preparations according to Sherrington,^^ 
and on excised frogs’ and terrapins’ hearts (Figs 2 and 3) 


13 Sherrington Jour Physiol , 1909, xxxviii, 375 
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Large doses of papaveiin had relatively the same effect on the 
mammalian heart as on the frog’s heart They produced excessive 
slowing and paralysis of the heart, at which stage the toxic effect on 
the central nervous system also generally manifested itself m the 
form of convulsions 

Closely associated with the action on the heart is the effect of 
papaverm on the coronary arteries and the coronary circulation This 
effect has been treated fully m a study of the effect of the principal 
opium alkaloids on the coronary circulation, published elsewhere,’’ 
and we will therefore merely sum up our findings here 

The action on the coronary circulation was studied in three ways 
first by perfusion of excised hearts, especially by the recent method of 
Kiafkoff j’"’ second, by the study of excised rings of the coronary 
aitcry, and third, by ascertaining the effect on the coronary circulation 



Fig 3 — Action of papaverm on cat’s Iicart Heart is m a plethj'smograpli, 
the systole being represented bj' the down stroke 

in the living animal with chest opened and heart m situ, by lecording 
the blood drop-flow from a wounded coronary artery, the blood having 
previously been hirudinized to prevent coagulation 

By all the three methods it was found that papaverm is a powerful 
dilator of the coronary artery Figure 4 shows this dilator effect on 
an arterial ring 

The following protocol illustrates the coronar)'’ dilatation as shown 
by Krakoff s method 

Evpeiiment 10 — Perfusion of pig’s heart by Krafkoff’s method The nor- 
mal drop-flow was 25 drops per minute , after perfusion with 0 02 per cent 
papaverm hydrochlorid solution the drop-flow was 46 drops per minute, five 
minutes latei it became 56 drops per minute 


14 Macht Jour Am Med Assn , 1915, xliv, 1489 

15 Krafkoff Arch f d ges Physiol (Pfluger’s), 1914, clvii, 501 

16 Bond Jour Exper Med , 1910, xii, 575 
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Figure 5 illustrates the increase in coronary circulation as indicated 
by the increased number of the blood drops flowing from an incised 
coronary in a hirudimzed cat 

The coronary iiiig method could be practiced on the human as well 
as other coronary arteries, and it gave the same results 

Effect on the Blood Picssine — The efifect of a diug on blood pres- 
sure IS a resultant of its effect on the heart, on the vasomotor appara- 



Fig 4 — Action of papavenn on pig’s coronary artery, three rings in chain; 
stretching weight 38 gm , lifting weight 18 gm Note rela'^ation 








Fig 5 — Experiment performed Dec 22, 1914, on a cat of 2 5 kg , under 
ether anesthesia, and hirudin 20 c c Study of blood-flow from wounded 
coronary artery by Bond’s method A, normal drop-flow, 11 per minute, B, 
drop-flow after injection of 8 mg papavenn hydrochlorid, 18 per minute, C, 
three minutes later, 26 per minute 

tus and on the vessels themselves These factors should be borne in 
mind in studying the effect of papavenn on the blood pressure The 
most striking effect of papavenn in any blood pressure experiment on 
a rabbit, cat or dog — and the same is also true in man — is a fall in 
piessure This fall in pressure was given after decerebrating the 
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Fig 6 — Experiment performed Januar\. 1915, on a cat of 2 5 kg, ether 
anesthesia, showing effect of papa\erm on blood pressure 
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Fig 7 — Experiment performed January 1915 ether anesthesia, showing 
effect of papal enn on blood pressure with lagi cut 
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animal through the orbit and also in Sherrington’s spinal preparations 
It follows, therefore, that the alkaloid produces the fall in pressure 
chiefly through its peripheral effect on the vessel walls themselves 
The following curves and protocols will illustrate the above points 

Protocol 1 Experiment was performed Oct 29, 1914, on a cat of 4 kg Under 
ether anesthesia a spinal cord preparation, according to Sherrington, was made 
and curara administered Normal blood pressure, 84 mm , normal pulse, 68 per 
30 seconds Papaverm hydrochlorid, 15 mg, was injected into femoral vein 
One minute after, blood pressure was 64 mm , pulse, 68 per 30 seconds , five 
minutes after blood pressure was 70 mm , pulse, 70 per 30 seconds 


inHmnHmmimmnimfmmmmiinmuiiimrnmiuiiiiiiiiiiiiiiinimm 
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Fig 8 — Perfusion of hind legs of Rana piptens Upper line gives num- 
ber of drops on perfusing with normal saline, second line gives number of 
drops on perfusing with papaverm hydrochlorid, 0 01 per cent solution in nor- 
mal saline, lower line indicates time m seconds 



'fimi.T. 

r' 

Fig 9 — Action of papaverm on internal iliac artery of pig Two rings, 
stretching weight 30 gm , lifting weight 16 gm 

Protocol 2 Experiment was performed Jan 8, 1915, on a cat of 2 5 kg 
Under ether anesthesia decerebration was performed through the orbit The 
noimal blood pressure was 72 mm , pulse, 65 per 30 seconds Papaverm hydro- 
chlorid, 10 mg, was injected into femoral vein One minute after, blood pres- 
sure was 56 mm , pulse, 66 per 30 seconds, five minutes after blood pressure 
was 66 mm , pulse, 65 per 30 seconds 

Action on Blooa Vessels — The \asoclilating action as noted in the 
blood pressure experiments could be shown by other methods 

The effect on the frogs’ blood Aessels was shown by perfusion of 
the hind legs by Trendelenburg’s method The action on the mam- 
malian ^essels was studied by means of arterial rings or strips, 
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described by the author elsewhei e By this method it was interesting 
to note that difierent vessels dififered in their reaction to papaverin 
Whereas the coronary arteries, the carotids and suhclavians, and 
internal and external iliacs were markedly relaxed by the drug, the 
pulmonary artery was hut slightly dilated and the uterine arteries still 
less so The eftect on the mesenteric and splanchnic \essels was studied 
by means of the plethysmograph, and as might have been expected 
from the marked fall noted m blood ])ressurc experiments, they weie 
gieatly dilated This is well illustrated by the figures 

Summing up the circulatory eftect of papaverin, we may therefore 
say that it causes a fall in blood pressure, which is due partly to its 
effect on the hi am, hut chiefly to its peripheral action, that it produces 
a marked ^asodllatatlon, especiall} of the peripheral and splanchnic 
vessels, that it increases the coronary circulation, and that, in small 










Fig 10 — Effect of papaverin on intestinal \essels, as recorded b} a plethjs- 
mograph Curve upward indicates vasodilatation 

doses. It slows the heart, at the same time tending to increase the 
strength of its contractions 

B ACTION ON THE RESPIRATION 

The action of papaverin on the respiration has been touched upon 
by the author in another paper dealing with the action of opium 
alkaloids in general on the respiration There it was pointed out that 
the pharmacologic study of the respiration is a complex matter It is 
not sufficient merely to determine the rate and volume output ot 
respiration Drugs may affect the respiratory function in se\eral 
ways by acting upon the respiratory center directly, by producing 
changes in metabolism , by altering the mechanical conditions of the 

17 Macht Jour Pharmacol and Exper Therap , 1914, vi, 13 

18 Macht Jour Pharmacol and Exper Therap, 1915, vii, 339 
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chest and abdomen, by acting on the bronchoconstnctors or broncho- 
dilators, and indirectly by changes in the cerebral circulation, etc 
Accordingly, in studying the action of papaverin on the respiration, 
observations were made on the rate of respiration, the total volume ot 
air respired per minute or total ventilation, the true or alveola) venti- 
lation, the effect on the respiratory center, and the effect on the 
bronchi By the method described in the paper referred to, it was 
found that papaverin, while producing a slight narcotic effect upon the 
animal, exerts a distinctly stimulating effect on the respiration While 
the rate of respiration is slightly decreased, the volume output and 



Fig 11 — Experiment performed April 27, 1915 Perfusion of respiratory 
center by Hooker’s method m a dog weighing 7 5 kg At P 2 mg of papaverin 
hydrochlorid were introduced Note stimulation of center 

alveolar ventilation are markedly increased The respiratory center is 
quite active as shown by its lively response to carbon dioxid inhala- 
tions, and the dead space is greatly enlarged, indicating a broncho- 
dilatation The bronchodilator effect was also proved directly by 
expel iments A\ith bronchial rings The stimulating action of papaverin 
on the center was furthermore corroborated directly by perfusion of 
the medulla by Hooker’s method 

The following protocols illustrate the above findings, and Figure 
11 shoA\s the result of a papa\eriii experiment on the medulla 
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Experiment 

w'as performed Feb 24, 1915, 

on a rabbit of 1,150 gm , 

11a m , 

rabbit tied down and allow'ed to get quiet 






Rate per 

Vol per 

Vol per 

Time 

Breathing 

min 

min , c c 

resp , c c 

11 30 a m 

Air of room 

68 

450 

66 


CO.. 5% 

68 

540 

79 


CO-. 10% 

68 

640 

94 

1 1 SO a m , 

injected subcutaneousK papa\trin In droclilorid, 8 mg 




Rate per 

Vol per 

Vol per 

Time 

Breathing 

mm 

min , c c 

resp , c c 

12 15 p m 

Air of room 

60 

480 

80 


CO. 5% 

64 

520 

81 


CO. 10% 

66 

660 

100 

1 30 p m 

Air of room 

54 

470 

87 


CO. 5% 

60 

520 

87 


CO 10% 

60 

800 

13 3 

2 30 p m 

CO. 5% 

58 

500 

86 


CO: 10% 

60 

800 

13 3 


Experiment ^\^ls iierforinccl j\rarcli 11, 191S, on a r.ilibit of 910 gm 
2 00 p m, animal tied down and allowed to quiet itself 




Rate per 

\'’ol per 


Vol per 

Time 

Breathing 

min 

mm c c 


resp c c 

3 00 p 

m .'^ir of room 

48 

100 


20 

CO. 5% 

46 

200 


43 


AUeolar CO. 


5 7 per 

cent 



CO. of expired air 


1 7 per 

cent 



Aheolar ventilation 


29 8 per 

cent 



Calculated dead space 


1 5 c c 



3 35 

p m , injected subcutaneousU ; 

papaverin In droclilorid, 3 

mg 




Rate per 

Vol per 


Vol per 

Time 

Breathing 

min 

mm , c c 

resp , c c 

4 05 p 

m Air of room 

40 

230 


57 


CO. 5% 

40 

400 


100 


Ah eolar CO. 


6 8 per 

cent 



CO of expired air 


1 8 per 

cent 



Alveolar ventilation 


60S cc 




Calculated dead space 


4 2 c c 




C ACTION ON SMOOTH MUSCLE STRUCTURES 

Attention to this leinaikable propeity of papaveiin has been railed 
by Pal, to whom we aie indebted for arousing interest in the subject 
Pal made a broad geneiahzation to the eftect that the alkaloid lowered 
the tonus and produced relaxation of all smooth muscle structures, 
without paralyzing them 

This geneiahzation seems to have been based chiefly on Pal’s clin- 
ical experiences, as his published expeiimental uork is confined chiefly 
to studies of intestinal muscle It is lemarkable, however, to find 
that later observations by othei investigators and the experimental 
woik of the present authoi all seem to confiim fully the truth of Pal s 
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statement The present author studied the action of papaverin on all 
kinds of smooth muscle organs, some of -which had already been inves- 
tigated and others of which were never examined, and found that 
111 all cases the alkaloid produced a relaxation of smooth muscle 





Fig 12 — Action of papaverin on longitudinal muscle of cat’s intestine 





♦ 




I • 

/ ' 






Fig 13 — Action of papaverin on ureter of pig, three hours after excision 
Upward stroke indicates the contraction 

The effect on blood vessels and bronchi has already been men- 
tioned The subjoined illustration (Fig 12 ) shows the effect on 
intestinal muscle strips The same result v as found v itli strips of the 
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uterus and the bladder In experiments on excised pyloric sphincters 
the present author could confirm the clinical experiences of Pal in 
pylorospasm A relaxation of the sphincter was noted Furthermore, 
one of the most interesting effects of papaverin to be mentioned in 
this place is its effect on the ureter The present author found that 
this drug produces a marked relaxation of that organ and this effect 
IS of practical interest as will be shown later (Fig 13) 

n \N \LGi:SIC PKOPERTIES 

Attention to the narcotic and analgesic properties of papaverin has 
been especially directed by Baxt That author claimed for the drug 
these pioperties in a high degree Fronnuiller'® also emphasized the 
analgesic effect of papa\erin On the other hand Claude Bernard, 
Sichting, Eulenburg"® and ton Schroeder, considered the alkaloid in 
this respect as of very little importance The explanation for the 
wide difierences of opinion on the subject was chiefl}’- due to the lack 
of an adequate method of comparing the effect of opium alkaloids on 
pain quantitatn ely In a paper on the subject published elsewhere, 
the present author elaboiated a simple method for a quantitatn e study 
of pain stimuli on the surface of the body and the effect of papaverin 
was investigated in that connection 

It was found that papa\erin possesses analgesic properties in a 
higher degree than codein, the effect of 40 mg being not much inferiot 
to that produced by 10 mg of morjihin The onset of the analgesia, 
however, was much slower and its duiation shorter The general nar- 
cotic effect and depression of the higher centers was. on the other 
hand, much less than that from morphin 

Obseivations were made on six normal individuals, and the results, 
barring slight individual variations, agreed in all cases The following 
protocols will serve as illustrations It will be noted that injections 
of papaAcnn are slightly painful at the site of injection, but this dis- 
comfort soon passes away 

’tA’ e toxicity 

Before discussing the therapeutic ajiplicabihty of jiapaverin, it is 
essential to consider its toxicity Papaverin is not a very poisonous 
drug and comparatively large doses of it can be given without dan- 
gerous results Indeed the lethal dose for higher animals is so large 
that for economic reasons it was not deemed profitable to push the 
drug till death was produced in too many experiments It was suffi- 

19 Fronmuller Khnische Studien uber narkotische Arzneimittel, Erlangen, 
1869 

20 Eulenburg Die Hypodermotische Injection der Arzneimittel, Berlin, 1867 

21 Macht, Herman, and Levy Jour Pharmacol and Exper Therap , 1916, 

Vlll, 1 



PEfilAfEjvr 







DAVJD I MACHT 


801 


cient for all practical purposes to ascertain the quantity of the drug 
which produced toxic symptoms 

In the frog it was found that the minimal lethal dose was about 
1 mg per gram weight of frog These results agreed well with those 
of von Schroeder 

In the guinea-pig 100 mg administered subcutaneously stimulated 
respiration , 200 mg produced violent convulsions, and death in about 
ten minutes A similar experience with guinea-pigs is reported by 
Bradbury 

White mice required about 0 5 mg per gram weight to produce 
convulsions and death in half an hour 

In rats, according to Bradbury, 300 mg produced weakness of the 
muscles, but no death 

In the case of rabbits different experimenters show considerable 
\ariations in their figures According to Bradbury it required 480 mg 
to produce death KunkeP® claims that doses up to 1 gm produce 
muscular weakness, and larger doses produce convulsions and death, 
but he does not state whether the drug was given by stomach or by 
injection Lewm^^ gives 2 gm as the lethal dose by mouth In the 
present author’s experiments the drug was not pushed to a lethal 
outcome, but it was found that doses of 25 mg per kilo, subcuta- 
neously, excited the animal, but did not cause death, while repeated 
doses of 10 mg each, every five to ten minutes, intravenously, caused 
convulsions, after five or six doses 

In cats the present author found that 55 mg per kilogram, subcu- 
taneously, produced no untoward symptoms Repeated intravenous 
injections of 10 mg doses m cats of 2 5 to 3 kg produced convulsions 
after six doses 

In dogs Baxt noted marked anesthesia after 100 mg In the present 
author’s experience subcutaneous injections of 50 mg per kilogram 
produced distinct narcosis with uneventful recovery Intravenous 
injections in doses of 10 mg every five minutes produced comulsions 
in a dog of 6 kg after about 100 mg were injected 

In reference to the safe dosage for man, we have collected con- 
sideiable data Schrofif and Hoffman-® state that doses of 450 mg 
produce no effect Fronmuller injected subcutaneously 240 mg with- 
out harmful results Leidesdorff-® injected insane patients with doscb 
of over 400 mg without danger Blyth^' puts 1 gm as the dosage 

22 Bradbury Lancet, London, July, 1899 

23 Kunkel Toxikologie, 1901, ii, 820 

24 Lewin Toxikologie, Berlin, 1897, p 260 

25 Schroff and Hoifman Wien med Wchnschr, 1868, pp 935 and 952 

26 Leidesdorff Ztschr d Wien Aerzte, 1868, xiii, 115 

27 Blyth Poisons, London, 1906, p 322 
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limit, and Pal quotes Bouchut also as giving quantities up to 1 gm 
subcutaneously These doses, however, are certainly not to be con- 
sidered safe at present, and Lewin cites a case with some weakness 
produced by 180 mg Pal recommends 40 to 80 mg subcutaneously 
as perfectly safe doses, and stales that higher doses also produce no 
harmful results The author’s experience with the dmg on himself, 
colleagues and patients certainly agrees with Pal’s, so that doses of 
fiom 40 mg to 80 mg subcutaneously, in adults, may certainly be 
administered without trepidation 

The present author injected papa verm intra% enously on three occa- 
sions without any untoward symptoms It as found that 40 mg well 
diluted with 200 c c of saline and injected slowly could be adminis- 
tered safely 

No cumulatue action from papa\erin has been noted by the author 
Repeated intravenous injections of from 10 to 20 mg of the hydro- 
chlorid daily ovei periods of from two to three weeks showed no such 
effect in rabbits or dogs Pajjaverin is for the most part unchanged 
in the body, and is excreted chiefly through the urine, bile, and partly 
through the small intestine '* 

II CLIMC^L ExPERIENCCS 

The clinical application of papa\erin should of course follow its 
physiological behavior This has been done, in a measure, by Pal and 
his school Thus its peculiar effect on the circulation, promoting the 
coronary ciiculatipn, lowering the pressure and stimulating the heart, 
will suggest Its use in angina pectoris and in cases with hypertension 
Pal actually employed it in aborting uremic crises 

Its stimulating effect on the respiratory center would suggest its 
use in ca'^es where depression of that center is undesirable 

Its analgesic action would suggest its use as a substitute for mor- 
phin, especially wheie codein is not effective 

Lastly, Its peculiar action on smooth muscle would indicate its use 
in all cases with visceral spasm 

In the present communication, the author is reporting his rather 
limited experience with the drug not so much as a positive proof of 
the therapeutic value of papavenn, as in order to stimulate furthei 
obser\ation The following cases weie selected more or less at ran- 
dom, and papavenn was administered in some cases to relieve pain and 
in others for the j^urpose of exhibiting its other properties The 
lesults seem to be encouraging 

On examining the histones, one will note that in regard to its 
paln-relle^ ing quality papavenn, though infenoi to morphin, is cer- 

*Dragendorff Ermittelung von Giften, 1895, p 225 

28 Bouchut Cited by Pal in Med Klin , Nov 2, 1913, No 44 

29 Pal Med Klin, Nov 2, 1913, No 44 
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tainly equally as efficient as, and even more efficient than, codein It 
will also be noted that it was more or less efficient in the cardiac cases 
(Cases 14, 15, 22, 27 , 28, 30) In the respiratory conditions the 
effect was not so marked, but attention is called to Case 5, m which 
it was efficacious in relieving the troublesome cough of an advanced 
consumptive, who was habituated to heroin, and its really striking 
relief of the cough in the case of aneurysm. No 7, which was not 
relieved by any other drug 

The employment of papaverin m bronchial asthma was recom- 
mended by Pal In Case 10, the effect of papaverin on bronchial 
asthma m a boy of 15 years was immediate Case llj however, another 
case diagnosed as “asthma,” was not relieved, but neither was that 
patient relieved ,by epinephrin or atropin 

Cases 13 and 25 illustrate the effect of papaverin in relaxing the 
spasm of biliary ducts, and other successful examples of the antispas- 
modic properties of the drug are found in Cases 12, 17, 18, and 21 

The peculiar property of papaverin in relaxing the tonus and con- 
tractions of smooth muscle organs led Pal to recommend it m cases 
of pylorospasni Its value in such cases was demonstrated by Holz- 
knecht and Sgalitzer^® through their Roentgen-ray studies, and it has 
recently been further recommended by Delprat®^ All these authors 
administered papaverin by hypodermic injection Inasmuch as a very 
striking effect is produced by the drug on smooth muscle in vitro, and 
that by very small doses, as shown by Popper,®- it occurred to the 
present author that papaverin might in such cases be advantageously 
given by mouth, and in fact two or three cases of pylorospasm treated 
111 this way in the Harriet Lane Home for Invalid Childien (Professor 
Howland) gave favorable results 

Another application of the tonus-relaxing quality of papaverin sug- 
gested by the present author was its introduction directly into the 
ureter through a cystoscope, in cases of ureteral calculus and colic 
Observations along this line are being earned on at the James 
Buchanan Brady Urological Institute (Professor Young) It may 
be here stated that two cases of ureteral stone were successfully 
treated by Dr T I Gerathy in this way ®® 

SYl^OPSIS OF CLINICAL CASES 

Case 1 — S M , dispensary case, F 39372 Acute gastric indigestion Fort\ 
mg hypodermically Slight relief 

Case 2— M G, dispensary case, E 91401 Se\ere cramps m one leg Tab- 
lets 40 mg each, three times a day by mouth Distinct relief 


30 Holzknecht and Sgalitzer Munch med Wchnschr, 1913, No 3 

31 Delprat Nederl Tijdschr v Geneesk, 1915, ii, 1311 

32 Popper Arch f d ges Physiol (Pfluger’s), 1913, dm 

33 Gerathy and Macht Bull Johns Hopkins Hosp, 1916, xxvii, 119 
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Case 3 — A C, dispensary case, F 33848 Very persistent cough, tubercu- 
losis Tablets 40 mg each, three times a daj' Slight relief 

Case 4 — J Y , dispensary case, F 36190 Chronic bronchitis and emphjsema, 
persistent cough Tablets 40 mg each, three times a day No relief 

Case 5 — P R , outside case, i\hite woman, 23 3 ears of age Advanced tuber- 
culosis Codein has no effect Dionin and heroin have very little effect because 
of habitual use for cough Tablets of papa\crin, 40 mg each, patient says 
relieved her a little more than heroin 

Case 6 — H 1\I , dispensary case, E 58406 Tuberculous laryngitis and 
phthisis Alarkcd relief of cough and pain from tablets of papaverin 113 dro- 
chlorid, 40 mg 

Case U — B , dispensar3 case, F 38599 Aortic aneurysm , troublesome 
cough Patient tried morphin, heroin, codein, narcophin Finds that papaverin 
tablets, 40 mg each, rehe\c better than an3' other drug Same experience 
repeatedly 

C\SE 8 — W D, dispensary case, E 59866 White man, 36 3ears of age 
Lumbago Relieved by injecting 40 mg of papaverin sulphate Pulse before 
injection 72, after injection 68 per minute 

Case 9 — S G, outside case White man, 35 3 ears of age Acute gastric 
indigestion Injection of 40 mg papaverin sulphate with slight relief Pulse 
oefore injection 88, after injection 72 per minute 

Case 10 — B H , outside case White 603, 15 3 ears of age Bronchial asthma 
Injection of 30 mg papaverin sulphate Immediate relief 

Case 11 — Dr L Karlinski’s case White woman “Asthma” Papaverin 
injection does not relieve Epinephnn injection gives no relief, but aggravates 
condition Onb’’ drug giving any relief is morphin 

Case 12 — R A , outside case White woman, 26 years of age Uterine colic 
Relieved by injection of 40 mg papaverin sulphate 

Case 13 — R S, dispensary case, F 30928 White woman, 32 3 cars of age 
Gallstone colic Two attacks, at different times, promptly relieved by injections 
of 40 mg papaverin sulphate A third time patient had attack at home, and 
called a physician, who gave her an injection of morphin Patient was made 
“sleepy,” but relief was not as prompt as from papaverin 

Case 14 — M E , outside case White man, 46 3 cars of age M3'ocardial 
insufficiency Dyspnea and prccordial pain relieved temporanb by injection 
of 40 mg papaverin sulphate 

Case IS — M B , outside case White woman, 64 3’ears of age Anginal 
pains and dyspnea from myocardial and arteriosclerotic changes Relieved 
temporarily by injection of 40 mg papaverin sulphate Pulse distinctly fuller 
and pressure lower after injection 

Case 16 — M H , outside case White woman, 26 years of age Acute 
neuritis of right hand and forearm No relief from papaverin injection of 
40 mg 

Case 17 — Dr F P , 56 3'ears of age Renal colic, ver3'^ severe, requiring 
chloroform inhalations and morphin Slight relief experienced for an hour 
or two after injection of 40 mg papaverin sulphate 

Case 18 — R G , dispensary case, F 23824 White man, 32 years of age 
Lead colic Distinct relief from injection of 40 mg papaverin sulphate Pulse 
before injection 80, after injection 72 per minute 

Case 19 — N J, outside case Man, black, 40 years of age Acute enteritis 
Pam was relieved by injecting 40 mg of papav^erm sulphate He came next 
day asking for another injection 

Case 20 — M K , outside case White woman, 38 3'ears of age Severe 
nervous headache, relieved by injecting 40 mg of papaverin sulphate 

Case 21 — M K , outside case White woman, 30 years of age Acute vesical 
spasm Pam relieved very quickly by injection of 40 mg of papaverin sulphate 
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Case 22 — M B, outside case White man, 56 years of age Anginoid 
attacks Relieved by 40 mg of papavenn hydrochlorid in solution by mouth 
every four hours 

Case 23 — M S , outside case White man, 60 years of age Cardiac dyspnea, 
very bad Very little relief from injection of 40 mg papavenn 

Case 24 — W, Ward F (care of Dr F A Evans) Hysteria Injection 
of 40 mg papavenn sulphate for nervousness and insomnia, not efficacious 
Case 25 — S W, Ward O (care of Dr F A Evans) Hyperacidity and 
gallstones (?) Injection of 40 mg papavenn sulphate for a paroxysm of pain 
brought about complete relief in fifteen minutes Before injection respiration 
24, pulse 84, blood pressure, systolic 165, diastolic 95, after injection respira- 
tion 26, pulse 70, blood pressure, systolic 140, diastolic 90 

Case 26 — J W, Ward F (care of Dr F A Evans) Psychasthema 
malignum, hysteria Injection of 40 mg papavenn sulphate for nervousness 
and insomnia proved efficacious, slept all night Before injection respiration 
24, pulse 88, half hour after injection respiration 24, pulse 84 

Case 27 — A B , Ward F (care of Dr F A Evans) Syphilis of aorta , 

aortic insufficiency, myocardial insufficiency Injection of 40 mg papavenn 
sulphate for dyspnea and restlessness Quieted a little after administration, 
slept brokenly several hours Before injection respiration 30, pulse 80, half 
hour after injection respiration 30, pulse 80 

Case 28 — E M, Ward F (care of Dr F A Evans) Hypertension, myo- 
cardial failure Injection of 40 mg papavenn sulphate for dyspnea and rest- 
lessness Quite efficacious, patient almost asleep in ten minutes Before injec- 
tion respiration 32, pulse 94, blood pressure, systolic 185, diastolic 100, after 
injection respiration 26, pulse 93, blood pressure, systolic 185, diastolic 95 
Case 29 — T H, Ward F (care of Dr F A Evans) Lobar pneumonia, 

pericarditis Injection of 40 mg papavenn sulphate not efficacious in reliev- 
ing pleural pain Neither is relief given by injection of % grain morphin 
Case 30 — J D, Ward F (care of Dr F A Evans) Aortic insufficiency; 
bronchopneumonia Injected 40 mg papavenn sulphate for relief of cough, 
dyspnea and restlessness Quite efficacious, asleep m thirty-five minutes and 
slept five hours Before injection respiration 28, pulse 100, after injection 
respiration 24, pulse 98 

Case 31 — G G, Ward F (care of Dr F A Evans) Pneumonia, pneumo- 
thorax Injected 40 mg papavenn sulphate to induce quiet sleep Not asleep 
in half hour, but quiet and drowsy Before injection respiration 30, pulse 128, 
after injection respiration 30, pulse 112 

Case 32 — R A, Ward O (care of Dr F A Evans) Bronchopneumonia 

Injection of papavenn sulphate for dyspnea and restlessness Not efficacious, 

some infiltration at site of injection next day 

SUMMARY 

Fiom the above data, it will be seen that the alkaloid papavenn 
exhibits certain very interesting pharmacologic properties Chief 
among these are its effect on the heart and blood pressure, its action 
on the coronary circulation, its stimulating effect on the respiration, 
its relaxing and tonus-lowering influence on the smooth muscle struc- 
tures, and its considerable analgesic power 

These, together with its comparatively low toxicity, suggested its 
employment for therapeutic purposes The cliriical experiences 
described speak in its favor, and it is hoped that further observations 
m?y be made to determine its exact therapeutic value in medicine 



A CLINICAL HEMOGLOBINOMETER - 
HERBERT HAESSLER 

AND 

HARRY S NEWCOMER, UTf 

P^IL^D^LPIII\ 

We have deMsed a colorimeter for the clinical estimation of hemo- 
globin which possesses several ad\antages over instruments now in use 
Those methods for the estimation of color density, ^\ Inch depend upon 
the companson of a sample with an interrupted series of standards, 
ha\e always been the most satisfactoiy The eye is able to place a 
sample with more certainty betucen tvo members of a variable series 
than it IS to compare a sample with a unifoiml} graded scale The 
latter only becomes accurate vhen the erroi is absorbed into a great 
number of readings, and as yet thcic had been no instrument devised 
superior to the Fleischl-Mieschei for such a procedure For a single 
operation, comparison with a senes ofters much more certainty as to 
the coirectness of the choice 

We have adopted the piinciple of the Sahh hemoglobinometei, 
modifying it to satisfy the above concepts The Salih instrument has 
the advantage that it offers a comparison color of tlie same material 
as the sample, and a coloi to whose shade variations the eye is par- 
ticularly sensitive It has the disadvantage of uncertainty of compari- 
son, due to the fact that one cannot reconsider a discarded choice 
Therefoie, instead of the single standard tube, we use eleven com- 
paiison tubes, whose densities correspond to readings varying by 10 
from 10 per cent to 110 per cent hemoglobin The standard fluids 
are made up according to Sahh’s specifications The tube marked 100 
per cent contains in 10,100 c c the equivalent in hematin hydrochlorid 
of 17 2 gm of hemoglobin Sahh bases his percentage readings on 
blood containing 172 gm hemoglobin per 100 c c Such a blood, 
diluted 1 to 100, would then correspond exactly with the mixture in 
our 100 per cent tube 

Our procedure for the preparation of the standards is as follows 
Ten c c of human blood are drawn from a vein into a certified pipet 
and immediately emptied into and iinsed in 100 cc of 10th normal 
hydrochloric acid At the same tune, from the same vein, 2 c c of 
blood are \irawn into a 2 c c pipette and emptied into and rinsed in 
400 c c of 1 per cent sodium carbonate solution This latter solution 


* Submitted for publication, April 1, 1916 

* From the Ayer Clinical Laboratory of the Pennsylvania Hospital 
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IS then calibiated on a Fleischl-Miescher hemoglobinometer and the 
hemoglobin of the blood determined in grams per 100 c c The hydi o- 
chloric acid mixture is then made up with tenth-normal hydrochloric 
acid in dilutions corresponding to 17 2 gm hemoglobin per 10,100 c c 
of fluid for the 100 per cent tube and fractions of that for the other 
tubes 

The hematin hydrochlorid is insoluble and forms a fine suspension 
This settles easily For that reason beads are enclosed in the tubes so 
that the fluid can easily be made homogeneous by a little shaking It 
IS impossible to seal the tubes off short above the fluid A very satis- 
factory and simple method is to partially close them and then seal 
with a plug of paraffin dropped in from a pipet Experiment showed 
that the eye can most readily coinpaie colors in the form of vertical 
rectangles, and the size and shape eventually used seems to be the most 
favorable one The tubes are made from glass tubing which to the eye 



Hemoglobinometer with comparison tube containing a test specimen m the 
rack but not at the correct reading, scale six-tenths natural size 


has a uniform thickness and whose outside diameter (about 7 mm ) 
does not vary by more than one-tenth mm Such tubing is easy to pick 
out of ordinary stock 

The tubes are conveniently arranged in a rack, so that the com- 
parison tube can be slipped in between any two of them The frame 
measures 5% by 18 cm It is of red vulcanized fiber, which is cheaper 
and more duiable than gutta-percha, and the color of which does not 
seem to be objectionable Septa between the tubes and opal glass 
behind them have been tried and discarded The simpler construction 
facilitates the reading Reflected light obtained by placing the instru- 
ment on a sheet of paper, as is done in ordinary titration, is best suited 
for the readings 

On placing the comparison tube in the rack, a malposition imme- 
diately strikes the eye as producing a sharp discontinuity, as is shown 
by the accompanying illustration of the instrument On moving the 
tube one way or the other in the rack the point at which the shading 
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becomes harmonious is icadily found and the amount of deviation 
fiom one of the multiples of ten estimated 

The dilution of the patient’s blood can well he done with an ordi- 
nar} red blood pipet, using tenth-normal hydrochloric acid as a diluting 
fluid A dilution of 1 to 100 is made The red blood pipet will delner 
enough fluid to fill the comparison chamber, and it offers a convenient 
and accurate instrument for the purpose wuth the additional advantage 
that It is usually already available or readily obtainable 

The readings can he made in any light and w ith certainty to a mul- 
tiple of 5 or 111 other w'ords to w itliin 2y» of the correct percentage 
The fianic is also very convenient when made up to use as a phenol- 
sulphonephthalein colorimeter For this purpose, how'cver, it will 
ne\er he as satisfactory as those instrumeiits in wdiicli the standard 
solution can be made up each time fresh w'lth a specimen of the urine 
as a diluent 


THE USE OF THE “KARELL CURE” IN THE TREAT- 
MENT OF CARDIAC, RENAL AND HEPATIC 

DROPSIES ^ 

EDWARD HARRIS GOODMAN, MD 

PHILADELPHIA 

The various measures recommended for the successful treatment 
of failing cardiac, renal and hepatic functions, Avith their concurrent 
edema of more or less severity, are legion, and one t\^ould be unwise 
to undeVtake the treatment of such conditions without a full appre- 
ciation of the value of each Drugs, physical therapeutics and diet 
form the triad upon which reliance is usually placed, and generally 
speaking, in the lay as well as in the professional mind the greatest of 
these IS drugs There are many dropsical cases in the treatment of 
which one must use all three, there are many m which physical 
measures may be safely dispensed with, and there are many cases of 
severe renal and cardiac breakdown m which drugs as well as physical 
measures may be disregarded , but there are none in which diet has not 
earned a well-deserved and fixed place 

It may be stated without fear of serious criticism, that the maiority 
of cardiac dropsies and a large proportion of dropsies of renal origin 
will improve with the combination of rest in bed and an appropriate 
diet The diet which has served me best and which I have employed 
successfully for some time is that known as the Karell diet, or the 
Karell cure Although half a century has elapsed since Karell pub- 
lished his paper (1866), this particular form of diet bearing his name 
seems to be but little known and but rarely used In Germany it is 
slowly finding its place, but as recently as 1908 Jacobs^ wrote that he 
could find no mention of it in the textbooks, and but little practical 
knowledge of its existence among physicians In America it is known 
but not intimately, and it has not secured for it the acclaim which 
would be its portion ivere it employed more frequently 

During my association ivith Dr John H Musser in the Presbyterian 
and University hospitals, and Avitli Dr James E Talley in the former 
institution, I have been given the opportunity to make free use of this 
method of treatment during the past few years, and haAe employed 
this diet in many cases, between a hundred and a hundred and fifty 
approximately This experience, Avhich has been productne of 

* Submitted for publication Alarch 23, 1916 

*Read before the College of Plnsicians Philadelphia April 5 1916 

1 Jacobs Munchen med Wchnschr 1908 1\ 839 
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impro\ement in the majority of these patients, is the raison d’etre of 
this paper 

The technic of the Karell cure is simple and easily earned out as 
far as the physician is concerned The patient receives daily at 8 a m , 
12 m , 4 p m , and 8pm 200 c c of raw or boiled milk, warm or 
cold, according to taste No other food or liquid should be given 
This strict diet sometimes, nay, many times, meets with violent opposi- 
tion from the patient, and great complaint is made because of thirst 
Thirst IS particularly tormenting during the first three or four days of 
the “cure,” and often it becomes necessary to allow the patient to rinse 
out his mouth with water, instructing him to swallow none, however 
Hunger is not so common a complaint, but when urgent, a small piece 
of dry toast or zivieback may be gnen uith each portion of milk 
During the first few days the patient requires continual encouragement 
to persist AMth the treatment, but the moral eftect of the rapid loss of 
weight, as shown by daily weighings, togethei with the very eMdent 
decrease of the edema, prove sufficient argument to him, and no fur- 
ther complaint is heard Just how' long this very strict diet is to be 
continued depends on the rapidity wntli wdiich edema diminishes and 
on the patient’s plea for more food Usually the diet may be increased 
at the end of a w'eek’s time by gnmg a soft-boiled egg, without salt 
or pepper, at 10 a m , and a piece of zwneback at 6 p m The next 
day an egg may be given at 10 a m and at 2 p m , wnth a piece of 
white bread, and from now' on food is gradually increased until a full 
diet IS being taken During this time the daily quantum of liquid 
should not exceed 800 c c , and this fluid should be in the form of 
milk, until the patient receives a full diet, Avhen the milk may be dis- 
continued and cocoa or tea substituted, the amount of liquid remain- 
ing the same, how'ever No more than 800 c c of fluid should be 
taken for from two to four w'eeks after the disappearance of edema 

The “full diet” spoken of above is a misnomer, for the diet should 
be salt poor, and the follow'ing foods comprise this dietary meat, fresh- 
water fish, cream soups, fresh eggs cooked in any form or raw', rice, 
corn, hominy, Indian corn, endives, peas, string beans, French beans, 
artichokes, onions, leeks, carrots, salads except lettuce, cauliflower, 
potatoes, cereals of all kinds, butter unsalted, bread w'lthout salt, sweet- 
meats, sugar, chocolates, cocoa, tea, coffee, fruits, milk, cream cheese 
and Swiss cheese, puddings, junket, ice-cream 

During the “cure,” which it seems needless to say must be carried 
out with the patient in bed, the bow'els must be kept open, and for this 
purpose laxatives in pill form are preferable to salines, merely because 
they require no water for their administration In a typical case, that 
IS, in those individuals who begin to lose weight through the loss of 
edema, and who show increased diuresis, no other medication is 
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required, but where improvement is not seen at the end of three days, 
or when symptoms are urgent, such as dyspnea, oppression, restlessness, 
unduly frequent and weak pulse, or active uremic signs, the drugs and 
other measures usually indicated in such conditions should be used 
This question will be further discussed later on 

The article by KarelP in which he described his milk cure was pub- 
lished in 1866 and apparently was entirely forgotten, and would no 
doubt have remained in obscurity, had not Jacob^ reported the results 
obtained with it in Lenhartz clinic, where it had been used for about 
fifteen years Just how many of the few writers on the subject have 
read Karell’s original paper it is impossible to say, but Jacob has given 
the year of publication as 1868 instead of 1866, and his error has found 
its way into practically every article since 1908, so that the inference 
that few have read the original is perhaps justified Possessed as it is 
of great practical interest and of historical interest as well, written 
in a peculiarly intimate manner and naive m spirit, Karell’s paper 
should be read at first hand, but I can not forbear quoting at length 
from this very interesting article He writes 

It IS always with a rich profusion of remedies and with the greatest con- 
fidence in their efficacy that the medical youth enters upon the practical exercise 
of his profession However, experience does not long delay in demonstrating 
the inanity of that pretended richness, the circle of medicines prescribed nar- 
rows year by year and the physician whose age has ripened talent finally finds 
himself obliged to confess that the surface of his finger nail would be large 
enough upon which to inscribe the names of the medicines used in practice 

If I confess to something of the same nature, if at the end of thirty-four 
years of practice a sort of skepticism takes possession of my spirit, relative 
to the curative virtue of many medicaments, I have, on the other hand, gained 
faith in the efficacy of certain means whose object is to change and to modify 
nutrition 

If I call attention today to the methodical cure by means of milk, I do 
It in the firm conviction that the number of cures brought about by this treat- 
ment IS due, in large part, to the judicious use and to the strict observance of 
the method It is only thus that truly startling results have been obtained, 
results which the general public have qualified as marvelous 

It may be objected that milk as a remedy is fairly well known and that 
every physician uses it according to the exigency of the case I confess that 
all physicians are sufficiently informed regarding the virtue of milk, as food 
and as antidote, but I speak from experience when I say that in general the 
milk cure scrupulously administered m amounts rigorously fixed is not suffi- 
ciently, or but rarely, recognized by practitioners as an heroic and so\ereign 
remedy 

Karell, who was physician to the Emperor of Russia, indulges in 
reminiscences of his excursion with the monarch through Russia, and 
speaks of his pleasure in seeing the milk cure being used extensnely 
in many cases He then transcribes a letter from the famous Niemeyer, 
wdiich IS worthy of being again transcribed After ha\ing communi- 

2 Karell Arch gen de med , 1866, mii, 513 
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cated to the Tubingen piofessor his experiences, he receued the fol- 
lowing letter some time later 

I am infimtelj grateful to jou for liaMiig rccommuidcd the milk cure, I 
have used it so often and extol it m such a ivaj that it would make jou smile 
If one were sincere enough to recognire that there exists a \erj large number 
of disease whose cause should not be sought in disturbances of certain organs 
but rather in a per\erse state of nutrition, of which w'C know neither the 
extent nor the nature, he w'ould belie\e in the curatiie \irtue of milk, and 
would regard it as a true scientific ad\ancc that one can find in that article 
of food a harmless measure and at the same time so efficacious in changing 
, completely the state of nutrition 

Karell has used the milk cure in at least 200 cases and found that 
it ga\e good results wheie other measures pro\ed to be \alueless As 
to the principle underlying its \ irtues, he declines to gi\ c any opimon 
and this he defends b} claiming “The art of healing would surely 
lemain sterile if one should limit himself onh to those remedies whose 
effects can be controlled even to the smallest detail ” The diseases 
wdiich are treated best by the cure are particularly dropsical conditions, 
but he gives a large list of other diseases of more or less chronic nature 

The writer has restricted himself to the emplo}ment of the Karell 
cuie in cases of renal, cardiac and hepatic edema, and it is only these 
diseases wdiich wnll be discussed m this paper, although other clinicians 
have used it in bronchitis, emphysema, gastric and intestinal conditions, 
and particularly in the treatment of obesit} Edema, from wdiatever 
cause IS the condition, is par excellence the disease in which the most 
notable results are achle^ed, however 

ILLUSTRATINE CASES 

The follownng cases wnll illustrate the effect of the Karell cure in 
cases of edema 

Case 1 — John A, aged 70, wliite, was admitted to the hospital Feb 11, 
1914, complaining of dj’spnea and edema of feet A diagnosis of endocarditis 
and arteriosclerosis w'as made 

The patient states that he w'as fairly well until three jears ago, wdien he 
became dyspneic and his feet began to swell Since this time dyspnea has 
been pronounced on exertion, he has marked palpitation of the heart 

Examination revealed a well-nourished man, heart enlarged to right and 
to left, systolic murmur at apex and at aortic cartilage, extra systoles, vessels 
sclerotic, legs greatly swollen 

The urine had a specific gravity' of 1 020, show ed a trace of albumin, but 
no casts blood hemoglobin, 75 per cent , leukoc^tes, 10,850, red blood cells, 
4,970,000, blood pressure, systolic 212, diastolic 148 

Under treatment the patient regained fairly good condition and w'as dis- 
charged March 4, 1914 Edema had disappeared entirely, the subjective symp- 
toms had much improved, and there was some reduction in blood pressure 

Case 2 — Frank P, aged 38, was admitted to the hospital Nov 7, 1913, com- 
plaining of cardiac palpitation, dyspnea and edema of legs and scrotum A 
diagnosis was made of aortic insufficiency' and intermittent heart block 
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The patient was well until two months ago, when, on returning home from 
work, he suddenly became very dyspneic Similar attacks were of frequent 
occurrence after this 

It was learned that the patient had contracted syphilis and Neisserian infec- 
tion at 28 years of age He was treated m the Presbyterian Hospital two 
weeks ago for conditions similar to the present illness 

Examination showed him to be a poorly nourished man Marked pallor and 
cyanosis were present and dyspnea pronounced, edema of legs and genitalia 
Heart, apex beat was in the sixth interspace, 2 cm outside left midclavicular 
line, right border at right parasternal line, left border 3 cm to left of left 
midclavicular line A systolic thrill was felt at the apex , , apex beat fluttering 
and diffuse A presystolic murmur was beard at the apex, followed by a 
short diastolic murmur, double murmur at aortic and pulmonary cartilages 
The liver was palpable The lower extremities were edematous, as were also 
the penis and scrotum The pulse was irregular and rapid, and the arteries 
sclerosed While lie was in the ward he had an attack of typical Stokes - 
Adams syndrome 

The urine had a specific gravity of 1015, was cloudy, showed albumin, but 
no casts 
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Fig 1 (Case of John A ) — Line with heavy dots indicates loss of bodj 
weight, amounting to 26 pounds in ten flaj's 

Blood hemoglobin, 58 per cent , led blood corpuscles 3 280,000, leukoci’tes 
6,400, blood pressure, systolic 205, diastolic, 115 

Under treatment the patient lost in weight 8 pounds in seventeen dajs 
Nine days after beginning Karell cure edema had almost entirelj disappeared, 
and there had been a loss of weight of 15 pounds Subjectue symptoms had 
unproved, and there were no sharp attacks of dyspnea, such as were complained 
of on admission, although patient was still dyspneic The heart W'as more 
regular, pulse less frequent, no change in blood pressure The patient was 
discharged Nov 28, 1913, much improved 

Figure 2 show's loss of w'eight onh as the urine w'as not saved quantitatneh 
and therefore is not recorded Prognosis m this case was gra\e, although there 
was benefit from the Karell cure The patient returned Dec 29 1913 with 
simptoms similar to those on his previous admissions The Karell cure was 
again prescribed, but there was no impro\ement Cardiac stimulants were 
emplojed, but patient succumbed Jan 6, 1914 

C\SE 3 — Frederick P aged 63 the same patient discussed in Case 4 was 
readmitted to the hospital No\ 30, 1915 He had been coming since his dis- 
charge to nn dispensary, but the exertion pro\ed to be too much and ten day"; 
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after his discharge dyspnea became marked, and legs, penis and scrotum 
became edematous The condition on admission was the same as was given 
in Case 2, and a diagnosis of cardiac renal disease was made 

Under treatment the loss of Aveight amounted to 22 pounds in thirteen days 
There was again disappearance of all edema and great improvement in sub- 
jective symptoms 

Figure 3 merely shows loss of w'cight No accurate record was kept of the 
amount of urine, as the patient stipulated before entering the hospital the second 
time that he should be allowed to go to the toilet room, so the urine could not 
be collected quantitative!}', as was possible during the patient’s first Msit to 
the hospital 



Fig 2 (Case of Frank P ) — Line with hea\y dots indicates the loss of 
body weight, amounting to 18 pounds in sc\cnteen days 
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Fig 3 (Case of Frederick P ) — Line w'lth heavy dots indicates loss of body 
weight, amounting to 22 pounds in thirteen days 

Case 4 — Frederick P , aged 63, was admitted to the hospital Oct 9, 1915, 
complaining of retention of urine and shortness of breath 

For two months the patient had had a smothering feeling at night, causing 
him to awaken w'lth a start It was observed that he became dyspneic on the 
slightest exertion and when walking he had to stop and rest after going the 
distance of a few hundred feet He has had no polyuria and no other symp- 
toms worth noting, except that after Sept 3, 1915, a month previous to 
admission, he had become very weak 
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He had been a sufferer from asthma previously, and a year ago he had a 
nasal operation which failed to furnish relief His other history was negative 
Examination showed the patient to be a well-built man, complexion pasty, 
dorsal decubitus, but the slightest exertion causes dyspnea, face edematous, 
some hydrothorax both sides The heart apex was in the sixth interspace to 
left of the midclavicular line There was marked pulsation m the fourth and 
fifth left intercostal spaces The right border was 4 cm to right of mid- 
sternal line, left border 15 cm to left of midsternal line There was no 
murmur at apex, and the sounds were weak The second sound at pulmonary 
and aortic cartilages was accentuated There was marked edema of the entire 
body, and , the abdomen showed ascites The legs, scrotum and penis were 
very edematous, arteries sclerotic, catheterization required, eye grounds 
negative 

The urine was 1 013, albumin a faint trace, with hyaline and granular casts , 
phenolsulphonephthalein, 7 per cent 

Blood Hemoglobin, 84 ( per cent , red blood corpuscles, 2,450,000 ( , 
leukocytes, 5,350, blood pressure systolic, 169, diastolic, 110 



Fig 4 — Same patient whose record is illustrated in Figure 3 The line with 
heavy dots indicates loss of body weight, line with open dots indicates amount 
of urine secreted, which rapidly increased at first, and then fell off, providing 
an indication for other therapeutic measures 

Under treatment there was a disappearance of the edema, and an improve- 
ment of subjective symptoms The loss of weight was gradual, but amounted to 
30 pounds m thirty dajs There was a reduction of blood pressure In this 
case hot packs were used and caffein 0 36 gm a day The patient was dis- 
charged Nov 6, 1915 

Figure 4 shows marked increase in the amount of urine mth later a fall- 
ing off m quantity On October 12 because of this, hot packs and caffein ucre 
ordered, later, digitalis, 2 cc of the tincture daily 

Case 5 — Ferdinand S, white, aged 61, was admitted to the hospital Jan 12, 
1914, complaining of dyspnea and swelling of the lower extremities His case 
w'as diagnosed as cardiorenal 

His illness had begun six months before ivitli shortness of breath dizziness, 
and swelling of the feet and legs Thereafter these s\mptoms had become 
intensified, until the patient could scarcely get his breath w hen he made e\ en the 
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slightest exertion His previous medical history showed pneumonia ten years 
before, and acute articular rheumatism two 3 ears before 

Examination showed a Avcll-nourishcd man with marked dyspnea There 
w'as chronic passive congestion at the base of the lungs The heart sounds weak 
but regular, w'lth no murmurs, and slight enlargement to the left Ascites w'as 
present, the liver was palpable, and the lower extremities were edematous 
The urine w as 1 029, w ith a trace of albumin, and w’lth a few hyaline and 
granular casts at times 

Blood Hemoglobin, 70 per cent , red blood corpuscles, 4,800,000, leukocjtes, 
7,950, blood pressure sjstohc, 190, diastolic, 140 

Under treatment there was a fall in bod} w'eight, and gradual increase in 
diuresis Until Jan 19, 1914, patient felt no better, but at this time he was 
improved, and the blood pressure, bodv w'cight and edema w’crc all diminished 
The patient w'as discharged Feb 10, 1914, much improved 

Figure 5 shows the drop 111 bodj weight, the sudden diuresis, follow'ed by 
a fall The urine was not accuratclj measured for fort) -eight hours, Janu- 
ary 16 and 17 Then there was again an increase in amount and a gradual 
fall in blood pressure 
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Fig 5 (Case of Ferdinand S) — Line with hea^y dots indicates loss of 
body weight, wdiich was 16 pounds in eight da)S, line with open dots, increase 
of diuresis 

Case 6 — Benedict P, aged 28, was admitted to the hospital July 10, 1913, 
complaining of dyspnea, distention of abdomen, edema of legs His trouble 
was diagnosed as chronic nephritis 

His illness had begun six months before, w'hen the patient noticed that his feet 
were swollen and he was unable to w'alk without becoming much fatigued 
Two weeks before entrance edema became worse and dyspnea appeared 

Examination shoived nutrition gOod There were anasarca, ascites, and 
edema of the lungs The heart apex was in the fifth midclavicular line, right 
border indefinite, left border in left midclavicular line The sounds w'ere indis- 
tinct, and there were no murmurs There w'as no enlargement of the spleen 
or liver The eye grounds were negative 

The urine was 1 018, heavy cloud albumin, and hyaline and granular casts , 
phenolsulphonephthalein 18 per cent 

Blood Hemoglobin, S3 per cent , red blood cells, 2,680,000, leukocytes, 
9,900, blood pressure systolic, 129, diastolic, 80 
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Under treatment there was a loss of weight of 26 pounds in fourteen days 
There was slight increase in urine excretion, and the edema became much less, 
although It was not entirely gone on discharge There was a disappearance of 
all subjective symptoms, and a marked increase in chlorid output The patient 
was discharged Aug 27, 1913, much improved 

Figure 6 is designed to show loss of weight and delayed diuresis 
Case 7 — Mary S, aged 57, was admitted to the hospital Oct 7, 1914, com- 
plaining of shortness of breath, swelling of the legs and distention of the 
abdomen A diagnosis of cardiorenal disease was made 

The patient had been suffering with edema of the legs for about a year 
or more, but she had became worse about five weeks before entrance to the 
hospital The trouble had begun with abdominal distention, then dyspnea 
appeared, which became so pronounced that she could not lie down She 
had been forced to sleep in her chair Palpitation of the heart was marked, 
and there was blood-tinged expectoration 

The previous medical history showed rheumatism at the age of 16 



Fig 6 (Case of Benedict P ) — Line with heavy dots shows loss of body 
weight, amounting to 26 pounds in fourteen days, line with open dots shows 
increase of diuresis, which was dela 3 'ed in this case 


Examination showed the patient to be fairly well nourished, but very 
edematous Pallor was present The heart was irregular, and there was 
enlargement to the left and to the right, with a systolic murmur at the 
base The arteries were sclerotic The liver was palpable, and there were ascites, 
and marked edema of legs 

The urine was 1 016, with a trace of albumin and with hj-alme and granular 
casts 

Blood Hemoglobin 60 per cent , red blood cells, 3,640,000, leukocjtes 
7,600, blood pressure systolic, 145, diastolic, 90 

Under treatment there was a disappearance of all edema and a loss of weight 
of 54 pounds in ten daj-^s The blood pressure ivas reduced from 145 systolic 
and 90 diastolic to 125 systolic and 80 diastolic in seven dajs 

Figure 7 shows the rapid loss of weight and the great diuresis, amounting 
to 4,500 c c On the second day of treatment the urine ivas 100 ounces, on 
third day 148 ounces, fourth dai' 138 ounces, fifth da> 145, or a total of 
almost 16 liters (15,940 cc) in file days 

Case 8 — Edward R, aged 35, was admitted to the hospital Jan 12, 1914, 
complaining of “asthma,” dispnea, and swelling of the feet, legs and abdomen 
The case w'as diagnosed as hepatic cirrhosis 
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The patient had had shortness of breatli for a number of >ears, but during 
the past SIX weeks he had been worse, and at the time of entrance ^vas forced 
to rest sitting up Cough had become \ery troublesome 

With the exception of asthma, patient had ne\er been sick, but had been 
in the University Hospital in 1905 for some gastric trouble He had alwajs 
taken alcohol to excess, admitted Ncisscrian infection but denied sjphilis 
Examination showed the patient to be a large, well-built man , semirecum- 
bent decubitus The brcatliing was labored and \\hec7ing Ihere was pallor, 
and the lungs were emphysematous, with sibilant rales The apex heart beat 
was not Msible, the sounds ^\erc weak, and there was a soft systolic murmur 
at the apex The area w’as not enlarged There w’as abdominal ascites The 
liver was palpable, and there w’as edema of feet and legs 

The urine was negative, phcnolsulpboncphthalein, 66 per cent Gastric anal- 
ysis showed total acid 8, free Indrochlorie acid 0 Stools re\calcd occult 
blood present 

Blood Hemoglobin, 45 per cent, red blood cells, 3 390,000, leukocytes, 
10,600, blood pressure systolic, 120, diastolic, 70 
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Fig 7 (Case of Mary S ) — Line w'lth heavy’ dots shows loss of body' weight, 
w’hich was 54 pounds in ten days, line with open dots show’s rapid increase of 
diuresis, 531 ounces of urine being secreted in four days 

Treatment produced a loss of w'eight of 39 pounds in sixteen day’s The 
diet was increased on the seventh day of treatment The patient w'as improved 
w’hen discharged, Feb 26, 1914 

Figure 8 shows a rapid loss of w'cight and a prompt increase in the amount 
of urine 

Case 9 — William W, aged 22, w’as admitted to the hospital Nov 4, 1913 
complaining of dyspnea, cough and expectoration, pain on inspiration, scanty 
urination, swelling of feet, and ascites The case was diagnosed as endo- 
carditis , decompensation 

The patient had never been sick w'lth a similar illnCss He had been appar- 
ently well and walking about until two weeks before admittance, when he 
began to notice swelling of the feet, and began to lose his appetite He also 
developed a severe pain m the right infraclavicular region, sharp, stabbing 
in character, made worse by’ taking a deep breath, and on coughing, w’hich 
soon developed He became dyspneic on exertion For the past tw’o w'eeks 
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he had been passing but little urine, which was dark in color There ivas 
pain in back over the renal region The face had started to swell about two 
weeks previously, and about that time he noticed that his abdomen had 
become swollen 

His previous medical history was negative He was in the habit of using 
alcohol to excess and of doing hard work 

Examination showed a well-nourished young man He had a uremic odor 
to the breath, face swollen and flushed, dyspneic The abdomen was swollen, 
the lungs tuberculous, with pleural effusion The apex heart beat was in the 
sixth interspace, 14 cm to the left of the midsternal line, upper border at the 
third rib, right border AVz cm , left border 14 cm from midsternum The 
sounds were irregular, gallop rhythm, systolic murmur at the apex The 
abdomen showed ascites The liver was palpable and pulsating The lower 
and upper extremities were edematous 

The urine was 1 080 with heavy cloud albumin and no casts 
Blood Red blood cells, 4,710,000, leukocytes, 18,150, blood pressure 
systolic, 131 , diastolic, 93 

As a result of treatment, on November 10 the patient seemed a little better, 
was not so dyspneic, but began to be jaundiced Later, Nov 19, 1913, there 
was parencentesis thoracis Patient gradually became worse and despite active 
use of cardiac stimulants, succumbed on Nov 28, 1913 



Fig 8 (Case of Edward R ) — Shows effect of the milk diet in a case of 
hepatic cirrhosis The line with heavy dots indicates the loss of bodj \v eight, 
which was 39 pounds m sixteen days, line with open dots shows the increase 
in diuresis 

Figure 9 shows only moderate loss of weight \ery slowly achieved, with 
urine amounts continually low There was no improvement in pulse rate 
The prognosis on admission was guarded 

Case 10 — ^James K, aged 49, w'hite, was admitted to the hospital Sept 2, 
1913, complaining of sw’elling of legs, genitalia and abdomen A diagnosis of 
chronic nephritis w'as made 

The patient had been well until fi^e Aveeks before, when he noticed that 
he W'as beginning to tire easih, had general malaise and w'as losing appetite 
One w'eek before he had first obserAed SAAelling in the face, and the next day 
general sAAelling throughout the body He had had diarrhea one A\eek 
before, soreness across the abdomen, pain in the back and pohuria Three 
Aveeks before he had had pains about the heart AAhich had lasted for three 
dajs and preAented him from taking full breath Dispnea and palpitation 
also AAere complained of 
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He had had nephritis with drops}' ciglitccn years before, and had been 
treated in the Presbyterian Hospital and discharged as cured 

Examination showed a well-nourished man There was slight cyanosis, 
the face w'as puffy and the breath urinous A few' moist rales could be 
detected at the base of both lungs The right border of the heart was 2 cm, 
the left border 12 cm to the left ot the midsternal hue The upper border 



Fig 9 (Case of William W) — Illustrates failure of the Karcll cure, slow 
and halting loss of hodj weight indicated In the line with hcavj dots, and 
\ery small amounts of urine, indicated bj the line with open dots, the largest 
amount being hut 30 ounces 



Fig 10 (Case of James K ) — Shows chiefly the lowering of blood pressure, 
both systolic and diastolic, due to Karell diet Line with heavy dots indicates 
loss of body weight, solid line with open dots indicates the systolic blood 
pressure, and broken line with open dots, diastolic blood pressure 


was at the third rib Ihe first sound at the mitral area was roughened and 
prolonged The pulse was regular The arteries were sclerotic, the urine 
showed many hyaline casts, and edema w'as general 

The urine was 1 010, with a heavy cloud albumin and many hyaline casts, 
and phenolsulphonephthalein excretion of 40 per cent 




EDWARD HARRIS GOODMAN 


821 


Blood hemoglobin, 60 per cent , red blood cells, 4,570,000, leukocytes, 
11,200, blood pressure systolic, 175, diastolic, 92 

Under treatment there was a loss of 16 pounds of edema in eight days, 
with disappearance of all swelling Diuresis increased, but it has not been 
charted as the amount was not accurately measured There was a gradual 
fall m blood pressure, systolic and diastolic, and a disappearance of all sub- 
jective symptoms The patient was discharged Sept 17, 1913, much improved 
Figure 10 is designed to show the loss of weight and decrease of blood 
pressure 

Case 11 — Margaret McC, aged 37, was admitted to the hospital Feb 23, 
1910, complaining of edema of face, abdomen, extremities, and of pains in the 
back Her trouble was diagnosed as nephritis 

Two weeks before she had noticed puffiness about the eyes, most marked 
in the mornings In a few days her feet had become swollen, and later her 
hands The swelling had increased each day, and finally the abdomen had 
become involved in the edematous process 

Her previous medical history showed that she had had scarlet fever 



Fig 11 (Case of Margaret McC ) — Shows retention of chlorids on a solid 
salt-poor diet, prompt elimination of chlorids and increased diuresis on Karell 
cure, with caffein and hot packs Line with heavy dots indicates body weight, 
line with open dots shows the effect of the Karell treatment on diuresis 

Examination re^ealed slight edema of the face, heart enlarged to the left, 
with a soft, low-pitched systolic murmur at the apex No ascites Extremi- 
ties edematous 

The urine was 1 016, with a small amount of albumin and few fine granu- 
lar and hj'ahne casts 

The blood pressure was 125 systolic and 100 diastolic 

In the treatment salt-free diet was used, but not the Karell cure On 
January 19, ouiiig to signs of impending uremia, a Karell diet with hot packs 
and caffein 02 gm three times a day were ordered, and the result was improve- 
ment in the urine, the chlorids and m the patient’s general condition 

Figure 11 shows absolute chlorid retention despite increasing amount of 
urine, and the prompt and rapid elimination of chlorids and marked diuresis 
on combination Karell diet and medication 

C\SE 12 — Elizabeth W, aged 36, was admitted to the hospital Feb 12, 1910, 
complaining of edema of extremities and abdomen Her case was diagnosed 
as nephritis 




822 


THE ARCHIVES OF INTERNAL MEDICINE 


Three weeks before, the patient had noticed slight swelling in the feet at 
night, the edema disappearing b}' morning, and puffiness about the eyes had 
appeared at the same time The swelling had gradually increased, the entire 
body had become edematous During the summer of 1909 the patient had 
noticed some swelling in her feet which disappeared in a few days 

Examination showed anasarca, heart not enlarged, accentuation of both 
pulmonic and aortic second sounds and no retinitis 

The urine was 1013, with large amounts of albumin and h} aline and 
granular casts l 

Under treatment there \\as a rapid loss of weight and disappearance of 
edema The patient was discharged much impro\ed 

Figure 12 illustrates the great loss in bodj weight, increase in urine, and 
marked chlorid elimination 



Fig 12 (Case of Elirabcth W) — Solid line w'lth hea^J dots indicates loss 
of body weight, which was 30 pounds in fourteen dajs Broken line w’lth heavj 
dots shows the elimination of chlorids, and the line with open dots the 
increase of urine excretion 


crrECT or the cure 

1 Subjective State — The most important feature of the cure is 
that It gives the human organism the minimum of w'ork All strain on 
the heart is removed as far as is possible by the rest in bed and by the 
very small amount of food given at frequent intervals, wdiich yet fur- 
nishes enough nutrition under the circumstances and provides fuel in 
such a form that it can be utilized with the least possible effort The 
good effects are seen by the patient almost before they are noted by the 
physician The patient rests easier, there is a gradual cessation of 
subjective symptoms, headache, depression, vertigo, and there is a 
return of the desire to partake of food where formerly nausea and 
vomiting held sway There is an improvement in the respiratory con- 
dition, and the patient has less dyspnea, requires fewer pillows for his 
comfort, gradually assumes the prone position, and is able to have 
long sleep without the intervention of morphin These favorable 
changes are the reward of the strict observance of the Karell cure. 
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and the strict observance consists in giving only 200 c c of milk at 
8 a m , 12 in , 4 p m , and 8 p m The purpose of the treatment 
is immediately defeated if more fluid is permitted or if the pat’ent is 
allo-wed to drink the milk whenever he pleases 

2 Heait — The effect on the heart is soon noticed apart from the 
subjective symptoms of restored compensation Good effects are seen 
more constantly m those cases which are best termed myodegeneiatio 
cordis, that type of cardiac disease seen in senility, emphysema, chronic 
alcoholism and in cachectic states (Wittich) In 60 per cent of this 
type of case improvement is seen Valvular disease is improved m 
about 43 per cent of cases, arteriosclerosis in 33 per cent , and accord- 
ing to Wittich, 111 nephritis only 14 per cent , a percentage below that 
seen in my cases Under the combination of rest in bed and the Kaiell 
diet the pulse assumes, first, a better quality, and later becomes less 
irregular and less frequent These effects are seen in many cases in 
which no medication is used, although we do not presume to deny the 
place digitalis preparations have earned for themselves m the treatment 
of arrhythmia and allorhythmia In some cases digitalis preparations 
must be used, but their action is materially reinforced by the use of the 
milk cure 

3 Blood piessine is generally lowered, particularly in cases of 
renal hypertensiop, as may be seen from Figure 10 

4 Unite — When the daily quantity of urine is closely watched it 
will be seen that there is marked increase m the amount This in 
some cases begins within the first few days and reaches its height during 
the first week (Fig 7), but m other cases diuresis is delayed (Figs 4 
and 12) Most authors state that the largest amounts aie seen m the 
first two to three days, but this has not been the rule m my cases At 
times there is a delayed diuresis, as has been described by His The 
urine passed m twenty-four hours may be two or three times the 
amount of milk ingested, 5 liters having been observed In the case of 
Mary S (Case 7), almost 4,500 cc were voided, and in this patient 
there was a loss of weight of 54 pounds in ten days The specific 
gravity of the urine is variable, but generally speaking, it is m m^ ei se 
ratio to the amount of urine excreted On the other hand, there has 
been noted a distinct rise m specific gravity without any change in the 
amount The quantity of albumin diminishes and disappears when 
there is chronic passive congestion, and there is also a reduction m the 
number of casts, although this is not so apparent ^^hen a true nephritis 
is present The effect on the phenolsulphonephthalem output is \aria- 
ble, but it can not be said that there is any marked increase m the 
amount excreted 

5 The chlond output is generally very much increased o\er the 
intake Repeated analyses by Hegler have given the percentage of 
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salt in milk as 014, which would be about 1 1 gm in 800 c c milk 
By reference to Figure 12 it may be seen what relation the output 
bears to the intake Witticb regards Ibis negative cbloiid balance as a 
good indication of the efficacy of the treatment, and attaches greater 
importance to it than to the twenty- fow -hour quantity of in me in 
estimating the changes in the circulatory apparatus Ordinarily there 
is a marked increase in the amount of sodium cblorid during the first 
few days, both as to percentage and total amount After two or three 
days the percentage falls, but the total amount increases, -with the 
increase in uiine, and finally, as the urine amount returns to normal, 
the cblorid balance is legaincd (Witticb) 

10 WIIAl IS IMPRONOrUM DLE^ 

An attempt has been made to ascribe the benefits following the 
Karell cure to three factors, namely, reduction m the amount of fluid, 
the minimum of salt contained in the milk, and finall} to the melting of 
bod)^ protein The last-named factor has probabl}’’ some bearing on 
the effect of the cure when carried out in obese patients, but is scarcely 
to be considered as a factor in the cases of edema in which as much 
as 31 pounds have been lost in three days (Mar}' S , Fig 7) Hence, 
in the cases studied as a basis for this paper the so-called melting of 
body protein hardly calls for consideration 

Metabolic studies have been made by Hegler on patients suftering 
with renal or cardiac decompensation or both, associated with obesity 
He does not consider that the limited amount of fluid ingested alone 
accounts for the diuresis and loss of weight, and this he proves by a 
patient who took 800 c c of milk and a liter of infusion of lime tree 
blossoms, and who neveitheless lost 10 kg weight in eight days 

To the low salt content of the diet has been ascribed much of the 
benefit resulting from the cure During the first three or four days of 
the cure patients excrete daily 8, 10 or 15 gm , or even more, of sodium 
chloiid, but after from five to eight days the excretion of this salt 
sinks to from 1 to 2 gm per day and when a diet containing from 1 
to 3 gm of sodium chlorid is given, there is a transitory tendency to 
sodium chlorid retention If the sodium chlorid equilibrium is followed 
for a longer period of time, there is always a preponderance of sodium 
chlorid excreted over that ingested, as much as from 40 to 60 gm in 
from three to four weeks This is in contradistinction to Hedmger, 
who found a considerable sodium chlorid retention and water retention, 
which, to his mind, accounted for the rapid gam in weight after com- 
pletion of the cure (obese cases Hegler has made the interesting 
observation that sodium chlorid added to the diet of an obesity case 
causes no water retention and no gain in weight, but when the same 
experiment is tried in dropsical individuals, there is an immediate cessa- 
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tion of loss in weight, with watei and sodium chlorid retention, and 
finally gam in weight This latter experiment is by no means new, 
howevei, and was first performed by Javal and Widal Somewhat 
similar results were also obtained by v Hoesshn in normal indn iduals 
From this it would seem that the good effects might be ascribed to 
the sodium chlorid poverty of the diet, but here again we find <-ontra- 
diction 111 a case described by Wittich 


TABLE 1 — Showing Diuresis and Sodium Chlorid Output as Affected by 
Karell Treatment (Wittich’s Patient) 


Date, 1911 

Diet 

Urine 

Sodium Chlorid 
in Gr iins 

Intake 

! Output 

May 28 

Salt free diet without limiting fluid 

700 

3 

42 

May 29 

Salt free diet without limiting fluid 

700 

3 

1 

3 5 

May 30 

Karell cure 

1,400 

1 7 

101 

May 31 

Karell eure 

1,300 

1 7 

9 2 

Juno 1 

Karell eure 

800 

1 7 

4 4 


Wittich’s patient, as shown in Table 1, received for two davs a 
salt-poor diet, but was allowed as much fluid as he desired There 
was no increase in diuresis, however, but as soon as the Karell diet 
was given, although now but 800 c c of fluid was permitted, the amount 
of urine was doubled It is difficult to see just how a reduction of 
sodium chlorid intake (13 gm less than on the salt-poor diet) could 
account for the increase in urine and the remarkable increase in the 
amount of sodium chlorid excretion 

It appears more probable that there are several factors which 
account for the efficiency of the Karell diet (1) absolute rest in bed, 
which removes from the organism practically all work, and decreases 
the amount of work to be borne by the heart, (2) the low amount of 
fluid and food (800 c c , containing only 27 gm protein and furnishing 
about 520 calories) also limits the amount of cardiac effort, (3) the 
low amount of sodium chlorid , and finally (4) the effect of the Karell 
cure may be due to either the salt-poor diet or to the low amount of 
fluid, or it may be the sum of the two, which brings about the bnlhant 
results 

Hegler, as a result of his metabolic studies, decides that the \alue 
of the Karell cure can not be judged from such studies, but must be 
estimated from the clinical side, and I would here call attention to 
KarelFs remark previously quoted No matter to what factor or 
factors the good results are ascribed the fact remains that in dropsical 
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conditions of renal, cardiac and perhaps hepatic origin tlic Karell milk 
diet, given as taught hy Karell, is the diet par excellence 

THE USE or DRUGS IN COMBINATION WITH THE K \RELL CURE 

In pursuing my studies the object has been to use only the Karell 
cure itself and to a\oid as far as possible any medication In many 
cases the milk diet alone brings about the desired impro\ement and 
no drugs arc neccssar}, but in other cases medicines can not be dis- 
pensed with It has been noted frequently that patients mIio ha\c 
been treated for a period of time with digitalis preparations uithout 
much improvement do particularly mcII on the Karell diet alone On 
the other hand, cases presenting marked dyspnea, cyanosis, a frequent 
and irregular pulse, need relief more rapidly than is possible with the 
Kaiell cure by itself Such drugs as cainjihor, digitalis, strophanthus, 
cafifem and morphin should be used in such emergencies, but it will 
be found unnecessar} in the m.ijonty of c«iscs to continue with their 
administration for any great length of time Generali) at the expira- 
tion of tw'enty-four or forty-eight hours there has been such a marked 
lmpro^ement that they may be discontinued 

When the Karell cure has been used for a few da)S, and when 
there has been no objective impro\ cment, that is, when the quant’ty 
of urine becomes markedly decreased, when there is no change m the 
character of the pulse, and wdien the body weight and the edema 
remain as before, oi wdien both increase, then drugs must be used 
Of these, digitalis, thcocin, caffcin and strojihanthin seem to be 
especially suitable, and an obser\ation of Jacob's is w'orthy of repeti- 
tion, namely, that wdiereas in these cases digitalis preparations alone, 
even in large doses, haee had but little eftect on the decompensated 
heart, Avhen used wuth the Karell cure a much better result is seen 
and much smaller doses of digitalis are required This is especially to 
be seen wdien digitalis has been discontinued for a few’’ days before 
beginning again wuth their administration 

PROGNOSTIC SIGNiriCx\NCE OP THE KARELL CURE 

Jacob, Wittich and others have called attention to the prognostic 
significance to the pure Karell cure, or the Karell cure used without 
medication Wittich especially regards the prognosis as serious w’hen 
there is chlond equilibrium, persistence of edema, and stationary 
urinaiy output or a diminution of the same, but particularly important 
is the chlond output, by means of which one is enabled to decide on 
the prognosis by the first day A positive chlond balance is absolutely 
unfavorable, and in his case this was seen in but two cases, and these 
patients died within the first few’ days of the cure Wittich also 
claims to see in the chlond metabolism not only an index of the extent 
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of reestablished compensation, but also of beginning compensation fol- 
lowing a Karell cure When at the end of a Karell cure there begins 
to be salt retention, he regards this as an early sign of a fresh decom- 
pensatory state — a preedematous stage of cardiac decompensation — and 
he recommends a repetition of the Karell cure m order to spare the 
heart any further fatigue 

In 1910 I called attention to the unfavorable significance of this 
chlorid retention, and a chart published at that time is reproduced here 
(Fig 11) This patient was not on the Karell diet, but was given 
what IS populaily called a salt-free diet, but more properly, a salt-poor 
diet 

CONTRAINDICATIONS 

Duimg our expeiieiices with the Karell cuie there have been no 
bad results when the treatment has been properly used There are 
cases, however, winch do not seem to respond to the diet, and for this 
reason the Karell treatment is no longer recommended in these 
instances Patients exhibiting symptoms of uremia should not be put 
on the Karell cure, which restricts the fluid intake to a minimum, as 
it has been shown by Senator and otheis that in this crisis the fluid 
intake should be greatly augmented for the purpose of flooding from 
the system the unknown toxic substance or substances believed to be 
the causative factor in uremia Wittich states that the Karell cure in 
two cases of uremia left him absolutely in the lurch, and the patients 
were made materially worse The treatment of such individuals should 
be that well known to all practitioners of medicine, and the Karell 
cure has no place whatever in the management of such cases 

248 South Twenty-First Street 



ON THE REACTION OF THE CEREBROSPHNAL FLUID 
S H HUR\vnZ, MD, and C L 1 RANTER, MD 

SAN IRAN'CISCO 

In Its mode of ongin and in its path\\a}s of ab'^orption as A\ell as 
in Its physical and chemical properties, the cerehiospmal fluid is unique 
among the body fluids Tt\o facts derued from clinical and experi- 
mental obser\ations ha\e been established within leccnt }ears with a 
fair degiee of conclusiveness, namel), the dual origin of the cerebio- 
spinal fluid and its retuin to the gcner.d circulation chiefly by a process 
of filtration through the arachnoid \ illi into the great sinuses " Unlike 
the cn dilating 13'mph, w'hich is derued from the blood b}^ a process of 
filtration, difiusion and osmosis, the cerebrospinal fluid is the secretory 
product of the ependymal cells wdiich cover the choroid plexuses, 
although It must be admitted That certain fundamental anatomic and 
physiologic aspects of this problem are still unsoh ed 

Another interesting observation wdneh has been brought forth be 
a number of w^orkers is that these plexuses constitute a remarkabl} 
effective barrier against the entry into the cerebrospinal fluid of sub- 
stances present in the circulating blood This observation may indeed 
explain, in part at least, the unique physical and chemical properties of 
the fluid, for in these respects also it is unlike any other fluid in the 
body, being approached in its composition most nearly by the sweat, 
teais, and aqueous humor of the eye From the circulating lymph nor- 
mal cerebrospinal fluid differs in several striking particulars it is of 
lower specific giavity, contains a small content of salt, only minute 
traces of protein, and no fibrinogen 

Concerning the reaction of the cerebrospinal fluid, little more 
definite is known beyond the general statement of most authors that 
it IS alkaline As to the degree of this alkahnit}'^ m comparison to the 
other body fluids and more especially to the blood little is knowm 
According to Cavaz/ani — and most authors quote him — the alkalinity 
of the fluid IS only half as great as that of the blood ^ Mott has 
attempted to express the degrees of reaction in terms of percentages of 

* Submitted for publication April 6, 1916 

* From the George Williams Hooper Foundation for Medical Research, and 
the Neurologic Clinic, the University of California Medical School, San 
Francisco 

1 Weed, Lewis H Jour Med Research, 1914, xxnI, 21, 51, 93 

2 Mott, F W Lancet, London, 1910, 11 , 1, 79 

3 Plant, F , Rclim, O , and Schottmuller, H Leitfaden zur Untersuchung 
der Zerebrospinalflussigkeit, Jena, Gustav Fischer, 1913, pp 16, 23 
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sodium hydioxid Calculated in this way, the reaction has been found 
by him to vaiy only slightly m different animals, and in man in different 
pathologic conditions On an a\erage it corresponds to 0 1 per cent 
sodium hydroxid 

That such titnmetiic determinations of reaction lack accuracy has 
been repeatedly emphasized m recent literature ’’’ The more extensive 
knowledge gained from modern physicochemical studies has shown that 
the titnmetnc method in its present form is inaccurate, and that an 
exact knowledge of the reaction of a solution can be gained only fiom 
a determination of its hydiogen ion concentration 

Although extensile studies have been made of the hydrogen ion 
concentration of most biologic fluids, electrometncally or by the color- 
imetric method, we were surpiised to find almost no mention in the 
literature of similar deteiminations on the cerebrospinal fluid Neithei 
Soiensen'* nor Michaehs" in their exhaustive treatises on this subject 
make any reference to such studies 

So far as we are aware, Polanyi, quoted by Bisgaard,® was the first 
to determine the hydrogen ion concentration of the spinal fluid He 
found the value for pH to be 1004 (9 08X10’^^) Bisgaard, however, 
who carried out similar determinations both by the gas-chain electro- 
metric method, as well as colorimetncally, gives the value as 8 10, 
although fluids obtained post mortem were found by him to be more 
alkaline ('pH=8 46 to 9 25) This worker found also that the results 
obtained by the Hasselbach apparatus corresponded well with those 
obtained colorimetncally with phenolphthalein as indicator 

In view of the meagerness of data on this point, it seemed worth 
while to determine the hydrogen ion concentration of normal cerebro- 
spinal fluid, as well as of fluid obtained from patients suffering from 
several types of disease In the present paper we wish to report the 
lesults of such determinations made by the colorimetric method upon 
forly-seven fluids 

METHOD 

Somces of Euo} — In a recent communication’'' we presented in 
some detail the principles and the extent of applicability of the colori- 
metric method for determining the hydrogen ion concentration of bio- 


4 Clark, W M Jour Infect Dis 1915, xmi 109 

5 Hurwitz, S H , Mejer, K F, and Ostenberg, Z Bull Johns Hopkins 
Hosp , 1916, xxvn, 16 

6 Sorensen, S P L , Ergeb d Plnsiol, 1912, xn 393 

7 Michaehs, Leonor Die Wasserstoffionenkonzentration, Berlin Julius 
Springer, 1914 

8 Bisgaard A Biocbem Ztschr 1913-1914, hiii, 1 
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logic fluids, but only brief refeicncc was then made to the sources of 
error of the method These m the mam are three in number,'^ and a 
critical analysis of them ^\lll show that they do not materially alter the 
accuracy of the method m its application to cerebrospinal fluid 

1 The Eftect of Coloring Matter in Biologic Fluids One of the 
greatest obstacles met a\ ith in the use of colorimetry in the determina- 
tion of the lomration of biologic fluids is the turbidity and the pigment 
present in the majoiity of such fluids In the case of blood this diffi- 
culty was unsurmountablc until Le^y, Rowntree and Marriott” sug- 
gested the method of determining the loniration of the dialysate 
obtained by dialy/ing blood through collodion membiancs for a given 
lime inler\al It is ob\ious that this difficulty does not ai ise in the case 
of cerebi ospinal fluid, which, in health and ^\hen carefull)'' obtained 
without contamination with blood, is usually a colorless, limpid fluid 
Should any turbidity exist due to the presence of inflammatory prod- 
ucts, the fluid can still be read directly by use of the comparator method 
described m a pre\ lous paper 

2 Influence of Neutral Salts Those who ha\e used this method 
are agieed that the presence of nculial salts m sufficient concentration 
greatly influences the point at which a gnen indicator changes color 
In this respect various indicators show' diflcrcnt degrees of sensitive- 
ness In most instances the neutral salt concentration must be tw'o to 
three times that of blood in older to rendei the use of indicators for 
these determinations subject to gross error From the available 
analyses of the blood and the cerebi ospinal fluid it would appear, how- 


9 A source of error wliicli should be mentioned, but wincli is not peculiar 
to any one method, is that which may result from the loss of carbon dioxid in 
determinations of hydrogen ion concentration on carbon-dioxid-containing fluids, 
such as blood and cerebrospinal fluid The possibility of this error has been 
precluded in electrometric measurements by the use of a special electrode, the 
Hasselbach electrode, for the purpose of keeping the carbon dioxid tension 
at a constant level during the measurements In the use of the colorimetric 
method this difficulty cannot be met with entire satisfaction, and the values for 
pH obtained do not in a strict sense have the absolute accuracy possessed by 
readings made with the hydrogen electrode But it would appear from Mott s 
work" that the carbon dioxid in cerebrospinal fluid is in more stable combination 
than in blood, and for this reason this medium is more suited to colorimetric 
readings than is the blood In every case it is important to make the determina- 
tions on perfectly fresh specimens and with a similar technic m order to give 


the results comparative value 

10 Levy, R L, Rowntree, L G, and Marriott, W McKim The ARCHires 
Int Med , 1915, xvi, 389 

11 Rona, P Handbuch d Biochemisclie Arbeitsmethoden, E Abderhalden, 
1911, V, 321 
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evei , that the inorganic salts exist in the two fluids in about equal con- 
centration 

3 Influence of Proteins and their Split Products Because of their 
colloidal properties and their amphoteric character, proteins or their 
split products greatly modify the point at which certain indicators 
change color, and this quite independently of the hydrogen ion concen- 
tration Their presence, therefore, constitutes a source of error which 
at times is sufficiently great to render the colorimetric method inappli- 
cable to solutions containing protein in high concentration From what 
has already been said concerning the extremely low protein content of 
normal cerebrospinal fluid, it is apparent that this source of error does 
not apply to it According to Mott and others, normal cerebrospinal 
fluid contains only 0 03 per cent of protein, and in pathologic cases it 
seldom exceeds 0 25 per cent ^ 

From the above considerations it is clear that because of the unique 
chemical composition of the cerebrospinal fluid colorimetric determina- 
tions of Its ionization are not subject to tbe same sources of error 
which would arise in the case of other biologic fluids 

Technic — The principles of the colorimetric method, the prepara- 
tion of the standard comparison tubes and the manner of expressing the 
results are recorded in recent communications In this paper it is 
necessary only to give the several steps in the procedure 

Spinal fluid is obtained by lumbar puncture in the usual way, and 
IS received into thoroughly clean and dry Jena glass test tubes 
Because of the clear, watery nature of the fluid and its low protein 
content, it is possible to make the determinations of the hydrogen ion 
concentration either directly or indirectly by testing the dialysate as 
recommended for blood by Levy, Rowntree, and Marriott 

For a direct reading 3 c c of spinal fluid are delu ered into a small 
clean and dry test tube 10 by 100 mm , and 0 3 c c of a 0 01 per cent 
solution of phenolsulphonephthalein is added After inverting the test 
tube several times in order to distribute the color e^ enly, companson= 
are made between the color obtained and those of a senes of standard 

12 Gautier and Zdarek (quoted by C E Simon, Clinical Diagnosis, Ed 8, 
Philadelphia, Lea &. Febiger, 1914, p 501) give the concentration of chlonds, 
phosphates and sulphates in cerebrospinal fluid as 644 per mille, -while Hammar- 
stern, O (A Text Book of Physiological Chemistry, Ed 8, New York, John 
Wiley' &. Sons, 1909, p 239) states that the blood as a whole contains in ordinary 
cases from 770 to 820 per mille water, with from 180 to 230 per mille solids, of 
which from 6 to 10 per mille are inorganic and the remainder organic solids 

13 We have found that some of the thick-w ailed test tubes, e\en when thor- 
oughly' clean, delner up alkali in sufficient amount to render distilled water 
placed in them alkaline to phenolsulphonephthalein This source of error must 
of course be ob\iated 
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solutions consisting of phosphate mixtures prepared according to the 
directions of Sorensen The color in the standard senes which nio'^t 
closely matches that of the solution tested gives the hydrogen ion con- 
centration of the test fluid 

If It be desired to test the dialvsate in order to compare its hydrogen 
ion concentration with the dialysate of the blood of the same patient, 
1 to 2 c c of cerebrospinal fluid are placed into a collodion sac, which 
is then loweied into a small test tube containing 3 c c of physiologic 
salt solution, until the fluid on the outside of the sac is as high as that 
on the inside Dialysis is allowed to continue for five minutes The 
collodion sac is then removed, and 0 3 c c of the indicator solution is 
added to the dialysate Color comparisons with the standard scale are 
nov/ made as detailed above For comparative purposes the same quan- 
tity of the same patient’s blood is tested in a similar manner 

RESULTS 

The Reaction of Nouiial Cei cbi ospina! Fluid — In Table 1 have 
been grouped nineteen* normal patients in whom the reaction of the 
cerebrospinal fluid was determined These patients, as will appeal, 
represent a large variety of clinical conditions, and in a strict sense 
cannot be classed as normal But so far as the cytologic, chemical and 
serum tests indicate, no abnormality existed in the central nervous 
system, and on this ground it is justifiable to place them in the normal 
group 

It will be noted that in the nineteen determinations made upon the 
fluid directly the average value of the hydrogen ion exponent (pli) 
was 8 26, with a minimum value of 8 15 and a maximum value of 8 3 , 
whereas the average of the same number of readings made on the 
dialysate was slightly lower, pH being equal to 8 1 1 Of interest also 
IS the fact that the two lowest readings were obtained in cases of 
ceiebral injury, treated by decompression and the withdrawal by punc- 
ture of considerable amounts of fluid It is not unlikely that the dimin- 
ished alkalinity in these instances may have been due to dilution of the 
fluid by hypersecretion 

As compared with the hydrogen ion concentration of the dialysate 
of the cerebrospinal fluid, that of the blood obtained from the same 
patient was found to be much higher In the six instances m the nor- 
mal group 111 which the blood was also tested an aierage lalue foi 
pH of 7 66 was obtained Thus the hydrogen ion concentration of the 
blood m these cases vas greater than that of the spinal fluid b} the 
1 alue of 0 45 

14 The standard test solutions vere prepared for us b\ Hjnson Westcott and 
Companj Baltimore 



834 


THE ARCHIVES OP INTERNAL MEDICINE 


In connection with the reaction of the cerebrospinal fluid in health, 
there are several interesting physiologic problems which still await 
solution One of these concerns the relationship between the normal 
functional activity of the nervous centers and the reaction of the fluid 
Mott' proposes the view that after normal sleep the alkalinity may be 
slightly greater than at the end of a day’s work, because of the pro- 
duction of acid substances lesulting from ner\e cell activity 


TABLE 2 — A CoMp\nisoN' of the Hidhogik Ion* Concintratiov of Blood 

A^D Cl REBROSPINAL FlUID 


Ko of Cnso 

Reaction of 
Ccrcbro'plnnl Tluld 
^ nluo of pH 

Reaction of Ccrcbro 
spinal Ilultl Dlalysatc, 
\ nine of pH 

Reaction of 

Blood Dlaljsate, 
Value of pH 

U 

8 25 

82 

7 7 

10 

83 

81 

70 

11 

83 

815 

7 73 

12 

8 23 

80 

705 

14 

8 23 

8 03 

7 05 

10 

82 

SO 

7 05 

22 

S3 

813 

7 75 

23 

83 

613 

70 

25 

7 03 

79 

7 C5 

27 

8 33 

813 

77 

28 

83 

SI 

7 03 

20 

S3 

81 

7 G5 

32 

S3 

8 15 

75 

40 

82 

81 

7 7 

42 

810 

8 15 

7 75 

43 

7 95 

1 7 75 

1 

7 05 

40 

84 

813 

7 75 

17 

S3 

1 

7 93 

700 

Average 


8 07 

7 00 


Another problem of interest concerns the reaction of the cerebro- 
spinal fluid in different loci From the work of a number of observeis 
it IS now known that ventricular and subarachnoid fluids may differ in 
some important respects It has been shown, for instance, that there 
IS a slightly higher percentage of sugar in ventricular than m sub- 
arachnoid fluid, whereas the reverse is true of the albumin content, 
furthermore, that ventricular fluid may be richer in waste substances 
which may have been added to it during its passage through the sub- 
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arachnoid perivascular and permeuronal spaces The possibility 
may therefore be entertained that the two fluids, which difter in these 
marked particulars, may also show measurable dififerences in reaction 
The Reaction of Cei cbi ospmal Fluid and of Blood Compaied — 
In a previous paragraph it was pointed out that blood and spinal fluid 
obtained from the same patient at the same time may show a consider- 
able difference in the hydrogen ion concentration as determined by the 
colorimetric method In Table 2 are given eighteen instances in which 
such comparative data were obtained The average value of the hydio- 
gen ion concentration tested upon the dialysate of the spinal fluid was 
8 07 as compared with 7 66 obtained in the case of the blood dialysate 
Thus the ionization of blood tested in this way is greater than that of 
cerebrospinal fluid by the value of 0 41 It must be emphasized, how- 
ever, that the need of resorting to dialysis doubtless introduces a source 
of error in the data given, for the reason that the two fluids dialyzed 
— blood and cerebrospinal fluid — are not chemically equivalent, the for- 
mei containing a higher percentage of protein and colloids, both of 
which are known to influence the dispersion of electrolytes through 
poious membranes These considerations, however, do not affect the 
observation that the hydrogen ion concentration of the spinal fluid 
tested directly is lower than that of the blood 

The Reaction of the Cei ebi ospinal Fluid in Disease — In this paper 
the observations have been limited to those diseases in which lumbar 
punctuie IS ordinarily done as a routine measure either for diagnosis 
or trea!tment Tables 3 and 4 include twenty-eight cases of syphilitic 
disease and of syphilitic affections of the nervous system in which the 
reaction of the spinal fluid was determined The diagnosis in all of 
these patients was confirmed either by cytologic and chemical tests 
or by the routine Wasserinann reaction of the blood and spinal fluid 
From an examination of Table 3 it will be noted that the a\erage 
hydrogen ion concentration (pH) of the spinal fluid in primary and 
secondary cases of syphilis is equal to 8 26. while determinations of the 
dialysate give somewhat lower readings (pH=8 14) Similar read- 
ings made upon the dialysate of the blood in seven of these patients 
ga\ e an ai erage value of pH equal to 7 64, which is 0 5 lower than 
that obtained for the dialysate of the spinal fluid By comparing these 
figures with those recorded in Table 1, it will be obsen^ed that these 
values do not difter widely from those obtained for normal fluids The 

15 Cushing, H Jour Med Research, 1914, xwi, 12, 13, 15 

16 Ostwald, W A Handbook of Colloid Chemistrj, Philadelphia, P 
Blakiston’s Sons, 1915, p 219 

17 The hjdrogen ion concentration of the blood determined bj the Indrogen 
electrode a\erages 03X10"'> or pH = 75 The \alue for pH* obtained by the 
colorimetric method is 7 66 



TABLE 3- GEN Ion Concentration of the Cfrebrospinal Fluid in Syphilitic Disease 
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resalts show, further, that in both groups the Itydrogen ion concentra- 
tion of the blood obtained from the same patient at the same time and 
similaily tested is in each instance greater than that of the spinal fluid, 
the average value for pH m the syphilitic cases being almost identical 
with that obtained in the normal cases 

Nor was any marked alteration of the normal reaction observed 
in the spinal fluid obtained fiom patients with syphilitic affections of 
the cential neivous system, such as tabes, general paiesis and cerebro- 
spinal syphilis The average ^ allies for pH m this group, as recorded 
in Table 4, are slightly lower than the normal, but the differences are 
loo small to be of real significance A study of the reaction of the fluid 
in these cases brings up an inteiestmg point, namely, the relationship 
between inflammatoi*}^ conditions of the meninges and the reaction of 
the cerebrospinal fluid Some authoi s^*^- entertain the view that in 
the presence of infection acid pioducts are formed which render the 
cerebrospinal fluid acid From the presence of a high cell count, that 
IS, an average thiity-five cells with a maximum of 110 cells, in the 
spinal fluid of most of these patients, one may assume a chronic inflam- 
matory condition to have existed , and yet no alteration in reaction was 
demonstrable ^ This, howevei, does not preclude the possibility that 
acute inflammatory conditions may be associated with a more acid 
leaction, that is, with an increase in the hydrogen ion concentration 
So fai as we are aware no positive proof has been brought foith to 
show that acid substances may form m acute inflammatory conditions 
of the meninges, and that these may produce an acidulation of the 
cerebrospinal fluid 

The possibility that the reaction of the fluid may be rendered more 
acid in cases of infection suggests a therapeutic problem of considerable 
importance As has been shown by Crowe’^® hexamethylamin is one of 
the few antiseptic drugs which can traverse the barrier of the choroid 
plexuses and pass from the blood stream into the cerebrospinal fluid 
But in order to be effective in antagonizing infection, hexamethylen- 
amin must, according to more recent studies,^® be broken up into formal- 
dehyde This chemical change can occur only in an acid medium 
Unless, therefore, it can be demonstrated that the spinal fluid becomes 
acidulated in the presence of infecting organisms and that hexamethyl- 
enamm is actually broken up into formaldehyde, considerable doubt 
must be entertained concerning the bactericidal power of this drug in 
combating infections of the meninges 

18 "Wingrave, W Jour Laryngol, Rhinol and Otol, 1915, xxx, 270 

19 Crowe, S J Bull Johns Hopkins Hosp , 1909, xx, 102 

20 Burnam, C F The Archives Int Med , 1912, x, 324 Hinman, F Jour 
Am Med Assn , 1913, Ixi, 1601 



Table 4 — The Hydrogen Ion Concentration of the Cerebrospinal Fluid in Syphilitic Affections of the inervous cjystem 

Including Tabes, General Paresis and Cerebrospinal Syphilis 
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SUMMARY 

The colorimetric method of determining the hydrogen ion concen- 
tration of the cerebrospinal fluid gives constant and reliable lesults 
For the reasons given, the method, when applied to cerebrospinal fluid, 
possesses greater accuracy than m the case of other biologic fluids, 
notably blood The simplicit}^ of the technic makes it applicable as a 
routine procedure m the examination of spinal fluids 

As determined colonmetrically, normal cerebi ospinal fluid is more 
alkaline than blood, the diffeience m the hydrogen ion concentration of 
the dialysates of the two fluids being equal to 0 45, the value of pH 
for cerebrospinal fluid being 811, value of pH for blood, 7 66 No 
alteration from the normal reaction has been noted eithei in the blood 
or m the fluid of patients suftering from primary or secondary syphilis 
or from syphilitic affections of the nervous system Thus far no study 
has been made of the reaction of the cerebrospinal fluid in acute inflam- 
matory conditions of the meninges The demonstration that a change 
m reaction does or does not occur would have an important bearing 
upon the value of hexamethylenamm as a therapeutic agent in the 
prophylaxis and treatment of meningeal infections 



A METHOD FOR THE DETERMINATION OF THE 
ALKALI RESERVE OF THE BLOOD PLASMA^ 

W McK MARRIOTT, 1^1 D 

BALTIMORH 

Bicaibonales, alkali protein compounds and small quantities of alkali 
phosphates together constitute the alkali reserve of the hlood plasma ^ 
Under nonnal conditions these suhstances are present in very constant 
quantities A diminution in the alkali rescue is knoun as acidosis and 
may he lecogni/ed hy a variety of clinical symptoms and hy characteris- 
tic alterations in the composition of the hlood. mine and alveolar air 

The alkali reseive maintains the plasma at a constant slightly alka- 
line reaction, despite the fact that acid products of metaholism are 
continually being poui ed into the blood Chief among the acid products, 
so far as total quantity is concerned, is carbonic acid This, as carbon 
dioxid, enters the plasma circulating through the tissues and is taken 
up partly in combination and partly as dissolved carbonic acid An 
almost infinitesimal change in reaction in the diiection of acidity occurs 
This slight change is sufficient to stimulate the respiratory center The 
resultant pulmonary ventilation removes the excess of carbon dioxid 
and the plasma reaction returns to its original point An excessive 
pioduction of carbon dioxid in the tissues results in a greater change in 
the reaction of the plasma, with a consequent increased stimulation of 
the respiratory center and increased pulmonary ventilation This tends 
to accomplish the removal of the extra carbonic acid No depletion of 
the alkali reserve occurs 

If, however, a nonvolatile acid, such as sulphuric, phosphoric or 
beta-oxybutync is poured into the plasma, a certain amount of the alkali 
reserve is neutralized and the reaction of the plasma shifts towards 
acidity Increased pulmonary ventilation occurs, but this, of course, 
cannot effect removal of the nonvolatile acid An extra amount of 
carbonic acid can be removed, however, so that less than the normal 
amount remains in the plasma This decrease in carbonic acid may 
compensate for increase in nonvolatile acids and the reaction may return 
to the normal point The alkali reserve, however, is depleted, as it is 
partially neutralized by the nonvolatile acid When the plasma with its 
depleted alkali reserve again comes in contact with the tissues, the car- 
bonic acid normally produced causes a greater change in reaction than 

* Submitted for publication, April 17, 1916 

*Fiom the Harriet Lane Home and the Department of Pediatrics, Johns 
Hopkins University 

1 Plasma alone is here considered The whole blood maintains its reaction 
in essentially the same way as the plasma alone 
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when the alkali leserve was intact As a result there is an overstimula- 
tion of the respiratory center, the evidences of which are hyperpnea 
and a diminished alveolar carbon dioxid tension If the increased pul- 
monary ventilation is sufficient to maintain the carbonic acid content of 
the plasma at a low enough level, no appreciable change m reaction 
occuis If, however, the alkali reserve is not replenished^ and if acid 
continues to pour into the plasma, a lime may come when the increased 
pulmonary ventilation can no longer compensate by removal of car- 
bonic acid In such an event, the reaction of the circulating plasma 
becomes constantly less alkaline until a point is reached which is incom- 
patible with life This point is, approximately, neutrality 



1 JL W 

Fig 1 — Showing relation between alkali reserve and reaction of the plasma 
I, plasma under normal conditions, II, plasma in mild acidosis. III, plasma in 
severe acidosis Figures in left-hand column represent the negative logarithm 
of hydrogen ion concentration (pH) Black areas in the columns represent 
nonvolatile acid, and the shaded areas, carbonic acid 

The accompanying diagrams^ illustrate the changes occurring in the 
plasma under the conditions described above 

The reaction of the plasma is expressed m terms of the negative 
logarithm of the hydrogen ion concentration (pH) According to this 
method of notation a reaction of 7 0 is the expression for neutrality 
Figures less than this represent varying degrees of acidity, figures 
greater, corresponding degrees of alkalinity ^ The figures given in the 

2 The alkali reserve may be replenished by administration of alkalies as 
such or as foods giving an alkaline ash The body itself replenishes the reserve 
by production of ammonia and by the selective excretion of acid by the kidneys 

3 Compare Bat croft Respiratory Function of the Blood, Cambridge, 1914 
Peabody Am Jour Med Sc , 1916, cli, 184 

4 For a more detailed explanation of this method of expressing reaction, 
see Levy, Rowntree and Marriott, The Archives Int Med , 1915, xvi, 390 
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diagram for reaction of the plasma are those obtained by the dialysis 
indicator method described below They approximate the true ^alues 
In the columns (Fig 1) the black areas represent nonvolatile acids, 
the shaded areas carbonic acid Column I represents the plasma under 
normal eonditions The reaction (P), when measured under such cir- 
cumstances that no carbonic acid is allow'ed to escape, is approximate!) 
7 5 If the carbonic acid is entirely removed, the reaction becomes 
more alkaline and reaches the point 8 5, this final reaction (R) may be 
•considered a measure of the efiective alkali rcser\e In the diagram 
the alkali reserve is represented by that part of the columns betw^een 
the neutral point 7 0 and the points maiked R As the neutral point, 
at a given temperature, does not \ary, the leaction at the point 7? is a 
quantitative expression for the alkali reser\e ' 



Fig 2 — Showing relation between alkali reserve of the plasma and aheolar 
air Ordinates represent negatue logarithm of hjdrogen ion concentration of 
the dialysate from seium after removal of carbon dioxid (RpH), and abscissae, 
Tnni tension of carbon dioxid in alveolar air (Plesch-Higgins method) 

Column // represents the condition of the plasma wdien a moderate 
degree of acidosis is present The nonvolatile acids are increased, but 
carbonic acid is decreased, so that the actual reaction (F) remains 
practically the same as under normal conditions The alkali reserte, 
however, is depleted so that when the carbonic acid is removed the 
reaction (F) ditfeis appreciably from the normal 

5 This reaction varies with the alkali reserve, although, as a matter of fact, 
the two are not absolutely proportional The lengths of the columns in the 
diagram are logarithmic and not actual The shaded areas representing car- 
bonic acid do not represent actual quantities present but the difference between 
the logarithms of the hydrogen ion concentration, before and after removing 
the amount of carbonic acid present The difference is greater the greater the 
amount of carbonic acid, but the diagram is not to be interpreted as meaning 
that because the shaded area PR in Column I is twice as great as in Column II, 
that in I exactly twice as much carbonic acid is present 
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Column III represents the condition of the plasma when the alkali 
reserve is so greatly depleted that the diminished amount of carbon 
dioxid can no longer compensate and an actual change in the reaction 
of the plasma, as it exists in the vessels, occurs On removing carbon 
dioxid the reaction differs very greatly fiom the normal The lengths 
of the shaded portions of the columns indicate, in a general way, the 
\ariations m tension of carbon dioxid m the plasma and hence m the 
alveolar air which is, presumably, in equilibrium with the plasma 

Provided the respiratory centei does not vary m its excitability, 
the reaction of the circulating plasma is maintained at a constant point, 
except when a very marked acidosis, that is, depletion of the alkali 
reserve, occurs The tension of carbon dioxid in the alveolar air 
geneially bears a constant relation to the alkali reserve 

Since It is only m severe acidosis that changes occur in the reaction 
of the plasma, as it exists in the body, the measurement of the reaction, 
the hydrogen ion concentration, is a measure of the excitability of the 
respiratory center rather than of the degree of acidosis This measure- 
ment may be most accurately made by the electrometric gas chain 
method, a somewhat difficult procedure and one not readily adaptable 
to clinical work. Recently an effort has been made to determine the 
reaction of the plasma by means of an indicator 

The method consisted m dialyzing serum or whole blood against 
salt solution m order to remove coloring matters and proteins The 
hydrogen ion concenti ation of the dialysate was determined by means 
of the indicator, phenolsulphonephthalein, phosphate solutions of 
known hydrogen ion concentration being used as standards for com- 
parison At the outset of this work it was realized that the actual 
hydrogen ion concentration was not determined, the results, however, 
coincided closely with those obtained by the electrical method In 
severe acidosis variations in the direction of acidity were encountered 
The method seemed to indicate variations m the hydrogen ion con- 
centration, although the variations observed were probably greatei 
than those actually occurring Serums from normal individuals 
showed a considerable range of variation, from 7 6 to 79, although 
duplicate determinations on the same sample almost invariably agreed 
Since It is quite certain that m serum the reaction normally does not 
vary to any such extent as this, the variations observed must have been 
due to the fact that varying amounts of carbon dioxid were present 
Carbon dioxid is lost if the blood is shaken in a tube, if it is left 
exposed to the air, or if it is obtained by cupping, the usual method of 
obtaining blood from infants The carbon dioxid content may be 
greatly increased in blood drawn from an arm vein if the tourniquet 

6 Levy, Rowntree and Marriott The Archives Int Med , 1915, xvi, 389 
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has been in place for some time previously, and especially if the fore- 
arm and hand have been exercised I have observed values as low as 
7 2 on the seium of normal mdnidiials when obtained from an arm 
\ein and \alues as high as 7 9 or 8 0 when the scrum was obtained by 
cupping 

If the blood scrum, after drawing, were placed in a Barcroft tonom- 
eter or some similar dcMCC and satin alcd with the subject’s owm 
alveolar air, more constant results might be obtained on normal indi- 
Mduals In fact it is absolutely necessary to control the carbon dioxid 
content of the scrum in some such wa> if results of any lalue are to be 
obtained Eien by thus increasing the accuracy of the method, its deli- 
cacy IS not increased ‘sufficiently to detect with certaintv any but the 
seveiest grades of acidosis If, howeicr, the carbon dioxid is remoicd 
from the plasma as completely as possible b} aeration, the unneutrahzed 
alkali reserve remains, and this may be measured by determination of 
the hydrogen ion concentration As aciation of the plasma presents 
obMOus technical difficulties, I ha\e first allow'cd the scrum to dialyze 
and haie then aerated the dialysatc and determined its reaction To 
refer again to the diagiams, what is determined is the reaction R instead 
of P, as 111 the original method Since P shows but slight variations m 
contrast wnth R, the latter measurement scries as a much more delicate 
method for detection and quantitatne determination of acidosis The 
principle of the method is the same as that prci lously described ® PIow'- 
eier, certain necessary changes in technic ha\e been introduced 

Apparatus Required Set of tubes containing standard phosphate 
mixtures , a solution of phenolsulphonephthalcm in 0 8 per cent sodium 
chlorid , collodion sacks , pipct to measure 0 5 c c , small test tubes for 
dialyzing and aerating , atomizer bulb , glass tube or pipet drawm out to 
a fine capillary point , color comparison box 

PUCPARXTION or PHOSPHITE MIXTURES 

One-Fifteenth Moleculai Acid Potassium Plwipliatc — Of the pure, 
recrystalhzed salt (KPLPOi), 9 078 gm are dissohed in freshly dis- 
tilled w^ater Twm hundred cc of 001 percent phcnolsulphonephthal- 
em are added and the wdiole made up to 1 liter with distilled water 

One-Fifteenth Moleculai Alkaline Sodium Phosphate — The pure, 
recrystalhzed salt (NaoPIPO, 12 HoO) is exposed to the air for from 
ten days to tw^o weeks, piotected from dust Ten molecules of w'^ater 
of crystallization are given ofl. and a salt of the formula NaJiPO, 
2 H 2 O is obtained Of this salt, 11876 gm are dissolved in distilled 
water Two hundred c c of 0 01 per cent of phenolsulphonephthalein 
arc added and the whole made up to 1 liter The exact amount of 
indicator added is immaterial, provided the same amount of indicator 


7 Barcroft Respiratory Function of the Blood, Cambridge, 1914 
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IS added to each of the phosphate solutions, and a corresponding 
amount is added to the salt solution, to be subsequently described A 
small crystal of thymol is added to each solution to prevent the growth 
of molds The solutions should be preserved in Jena or Non-sol glass 
vessels The solutions are mixed m the proportions indicated below 
to obtain the desired pH 


TABLE 1 — Proportions in Which Phosphatc Solutions Are Mixed 


pH 

70 

72 

74 

70 1 

78 

80 

82 

84 

8b 

PnmaTy sodium phosphate, c c 

37 

27 

19 

13 2 

88 

66 

32 

20 

10 

Secondary sodium phosphate, c c 

1 

C3 

73 

81 

SOS 

i 

91 2 j 

94 4 

i 

90 8 

98 0 

99 0 


These solutions are placed m small test tubes, approximately 100 
mm long by 8 mm internal diameter, of glass that does not readily 
give off alkali The tubes are stoppered or sealed oft' They should be 
kept in a dark place when not in use Under these conditions, the 
solutions retain their colors for long peiiods of time 

PREPARATION OF SACKS 

One ounce of celloidon, Anthony’s negative cotton,® is dissolved 
m 500 c c of a mixture of equal parts of ether and 95 per cent alcohol 
The solution is allowed to stand for a week in order to allow impurities 
to settle out A small test tube with a flared mouth, 50 mm long by 6 
mm internal diameter, is filled with the celloidon solution This is 
slowly poured out as the tube is rotated in such a manner as to coat 
the sides evenly The tube is clamped in the inverted position and 
allowed to dram for ten minutes, or until the odor of ether has dis- 
appeared ^ The tube is then filled with cold water and a knife blade 
IS run around the edge of the sack, to loosen it from the glass Watei 
IS then run in between the sack and tube and the sack gently loosened 
and pulled out of the tube It is preseived by complete immersion 
in water 

PREPARATION OF SALT SOLUTION 

Eight gm of chemically pure sodium chlorid are dissolved in dis- 
tilled water Two hundred and twenty c c of 0 01 per cent phenol- 

- - - \ 

8 Manufactured by the Ansco Company, Binghamton, N Y This contains 
30 per cent of water and must be rinsed once or twice with alcohol before 
being dissolved 

9 Sacks that have been dried too long become very brittle and impermeable 
If not dried a sufficient length of time, the sack becomes white and cloudy on 
the addition of water 

10 The concentration of indicator in the salt solution is purposely made 
10 per cent greater than in the phosphate mixtures, as during the dialysis a 
certain amount of indicator is lost by passing into the sack 
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siilplionephthalein solution are added and tlie whole made up to one 
liter v/ith distilled water The solution should contain no free alkali 
and no acid other than carbonic The solution is tested by boiling a 
little of It for a minute or so in a Jena glass test tube, in order to expel 
carbonic acid “ The solution is quickly cooled under the tap and com- 
pared with the phosphate standards Its reaction should be 7 0 If 
the reaction differs from this it may be corrected by the addition of a 
few drops of very dilute acid or alkali to the whole solution The 
salt solution must be kept in a \essel of Jena or Non-sol glass, or in a 
vessel of ordinary glass that has been well paraftined on the inside 

METHOD or DETERMINATION' 

The determination must be carried out in a room free from acid or 
ammonia fumes Either serum, oxalated plasma or blood may be used 
Serum is to be preferred, as the addition of oxalate, unless exactly neu- 
tral, introduces a source of error The blood should be collected in a 
small tube and the serum separated as quickly as possible, preferabl}' 
by centrifuging Hemolysis must be a\ oided 

Exactly 0 5 c c of scrum is pipetted into one of the small collodion 
sacks, which has prcMously been washed inside and out with the salt 
‘solution ’ The sack is lowered into a small test tube, approximately 
8 mm internal diameter <uid 50 mm long, containing 2 c t of the indi- 
cator salt solution The Iccel of the fluid on the outside of the sack 
should be at least as high as that on the inside At the end of se\en 
minutes the sack is removed and the dial} sate transferred to a clean 
test tube 100 to ''140 mm long and ha\ing the same diameter as the 
tubes containing the phosphate standards A rapid current of air is 
bubbled through the solution in order to remove carbon dioxid This 
IS accomplished by means of an atomizer bulb connected with a narrow 
glass tube drawn out to a capillary point The air current should be 
as rapid as possible without blowing liquid out of the test tube Blov - 

11 If boiled in a soft glass tube, alkali is given off from the glass and the 
solution is colored pink Instead of boding to remo\c carbon dioxid, the 
solution may be aerated with a current of air that has been freed from carbon 
dioxid by passing through a strong solution of sodium liydroxid 

12 If carbon dioxid escapes from the plasma as a result of shaking or 
allowing the blood to remain exposed to the air, a passage of alkali from the 
plasma into the cells occurs with a resultant slight diminution in the alkali 
reserve of the plasma Once the plasma or serum is separated from the cor- 
puscles, loss of carbon dioxid is without effect on the alkali reserve 

13 In washing the sack, no part but the top edge should be touched with 
the fingers The sack is emptied by tipping it with a clean, glass rod or with 
a microscopic slide Sacks may be used more than once, providing they are 
thoroughly washed with salt solution after each test 

14 Foaming rarely occurs It may be present as a result of allowing some 
serum to spill over the outside of the sack In case foaming is great enough 
to be troublesome, it may be prevented by adding a drop of octyl alcohol or 
toluol 
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ing IS continued for three minutes and then the color in the tube is 
compared with that m the standard phosphate tubes, interpolating 
when necessary The reading is a measure of the reserve alkalinity, 
It is the value R referred to in Figure 1 For convenience of expres- 
sion we shall refer to this ^ alue as the “RpH” of the serum, to differen- 
tiate It from the “pH” as determined m the method previously described 
by Levy, Rowntree and Marriott 

RESULTS OBTAINED 

Normal Individuals The serums of a large number of normal 
adults were examined by the method desci ibed In every instance the 
RpH was found to be 8 5 ±- 005, provided the subjects examined 
were on a general mixed diet A normal adult’s serum drawn after a 
fast of sixteen hours gcu e a reading of 8 35 The serums of infants 
gave values slightly lower than those of adults For normal infants 
under one year of age, a value of 8 3 foi the RpH of the serum was not 
infrequently encountered This may be due partly to the fact that 
infant’s blood is usually obtained by cupping , the lower value, however, 
is more likely an evidence of the tendency towaids acidosis that is 
known to be present in infants 

This accords well witli the observed fact that the carbon dioxid ten- 
sion in 1he alveolar air of infants^® is lower than that of adults, and 
thst the combined carbon dioxid of the plasma is less’-* in infants and 
that the ammonia coefficient in the urine is often higher This slight 
acidosis might well be the result of the more active metabolism of 
infants, leading to a proportionately greater production of acids 

ACIDOSIS 

A series of cases exhibiting clinical or laboratory evidences of 
acidosis has been studied The cases included nephritis and diabetes 
in adults, and nephritis, recurrent and idiopathic acetonemia, and severe 
diarrheas in children The diarrheal cases were of the type described 
by Howland and Marriott 

The results in the column headed RpH, Table 2, represent the 
hydrogen ion concentration of the dialysate after removal of carbon 
dioxid The results in the column headed pH are those obtained 

15 The comparison is conveniently made with a box similar to that used 
with the Sahli hemoglobinometer, but containing places for three instead of 
two tubes It IS a small flat box of blackened metal 55 by 45 by 20 mm , 
backed with opal glass and with three slits open on the front Readings should 
be made at temperatures between 20 and 25 C If the room temperature is 
higher or lower than those limits, the colorimeter with tubes should be immersed 
in water at 20 to 25 C 

16 Howland and Marriott Am Jour Dis Child, 1916, xi, 309, Marriott 
Jour Am Med Assn ^ 1916, Ixvi, 1594 

17 Van Slyke Unpublished results 



848 


THE ARCHIVES OF INTERNAL MEDICINE 


TABLE 2 — Degree of Acidosis in Twenty - iivr Casfs b\ tiii ^kloDiFicAxioN of the I^DI- 
CATOR Dialysis Method for Determination of thl Alkali Rfslrvl (RpH) 


Cnso 

No 

Date 

Abo, 

Irs 

pH 

RpH 

Alveolar 

COi 

Tension 


1* 

7/21/15 

45 

76 

82 

36 

Dlnb^c= Cnrbolij (Irate free diet Ammonia coefll 
elent In urine 11 7 per cent Acetone bodies in 
blood, 67 mB per 100 Bm 

2» 

4/ 7/lC 

43 

■ 

80 

2S 

Diabetes J,o^r caloric diet Ammonia coefliclent In 
urine 20 per cent Acetone bodies In blood 57 mB 
per 200 gm 

3* 

1/lo/lG 

21 

B 

78 

i 

21 

Chronic dllTiiso nephritis Uremia Hjperpnea 
Drouslacss JJlood nonprotcin N 169 mg 

8 

1/28/lC 


7 7 

85 , 

i 


Alkali administered Patient bad dally doses of 
40 Bm sodium bicarbonate after Jan 10, 1916 
Hyperpnea no lonficr present Plasma COi, 66 
\ols per cent 

4§ 

2/10/lC 

13 

7 35 

8 2 

32 

Conficnltal policjstic kidney Patient In fair con 
dltlon Some nocturnal dyspnea 

4 

2/19/lG 


733 

78 

23 

Patient tcri djspncic VomItInB Plasma COi, 
21 vols per cent 

4 

3/ 3/lG 


7 7 

84 

3S 

Alkali administered dally since Feb 19, 1910 Patient 
In Bood condition No dyspnea 

5: 

3/ I/IG 

41 

72 

7 35 

11 

Pjonepbrosls, double Coma Marked hyperpnea 
Phenolsulphonephthaleln I’A hours, 0 Blood urea 
nltroBcn, 103 mB Plasma COj, 14 7 rols per cent 

5 

6* 

3/ 2/lG 

3/14/lG 

23 

7 53 

74 

79 

80 


Alkali administered Intravenous Injection of 400 c c 
of 4 per cent solution sodium carbonate siv hours 
prcilously Same dose ten hours previously 
Patient In coma 

Clironlc dliluso nephritis Secondarj anemia Blood 
nonprotein nltroBcn, 212 mB Plasma COi, 40 vols 
per cent 

7f 

3/14/lG 

36 

70 

73 


Chronic nephritis Lead poIsonInB Arteriosclerosis 
Uremia Hyperpnea Scllards’ test, colorless on 
evaporation Plasma CO:, 11 vols per cent 

r 

3/15/lG 


70 

79 


Alkali administered T^'cho hours previously, pa 
tient received 500 cc of sodium bicarbonate intra 
vonously No deep brcathlnB Scllards’ test, pink 
on evaporation Total nonprotein nitroBcn, 300 
mB Plasma COr, 28 vols per cent 

7 

3/21/IG 


' 76 

7 95 


Alkali administered Patient Bi'cn 4 gm of sodium 
bicarbonate bj mouth overj four hours since 
March 15, 1916 Scllards’ test, pink color Plasma 
COi, Si vols per cent 

3t 

3/15/lG 

54 

7 43 

78 


Arteriosclerosis of renal vessels Uremia, Hyperp 
nen Coma Scllards’ test, colorless Plasma 

CO 2 , 19 vols per cent Phenolsulphonephthaleln, 

3 per cent in two ours 

St 

3/15/lG 

50 

7 0 

79 


Chronic dlffuso nephritis Uremia Drowsiness 

Scllards’ test, pink on evaporation Phenolsnl 
phoncphthaleln, 2'^ hours, 0 Hyperpnea Plasma 
CO=, 34 vols per cent 

10* 

3/17/16 

39 

76 

79 


Secondarily contracted kidney Uremia, Hjperpnea 

lit 

4/ 6/16 

39 

7 35 

79 


Acute and chronic nephritis Hyperpnea Edema 

12 

6/27/15 

1 

6 

7 2 

79 


Idiopathic acetonemia Marked hyperpnea Ace 
tone bodies In blood, 26 ms 
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TABLE 2 — Degree of Acidosis in Twenty-fito Cases by the Modification of the Indi- 
cator Dialysis Method for Determination of the 
Alkali Reserve (RpH) — {Continued) 


Case 

No 

Hate 

Age, 

Yrs 

pH 

BpH 

Alveolar 

COe 

Tension 


12 

G/28/lo 

t 


79 

84 


Alkali administration Twenty gm sodium bicar- 
1 bonate by mouth, 6 gm by rectum Patient in 
good condition, breathing normally 

13 

11 9/lG 

2 

72 

715 

20 

Recurrent acetonuria Coma Marked hyperpnea 
Acetone bodies m blood, 130 mg 

IS 

1/ 9/lC 


7 7 

83 

i 

1 

Alakli administered Pour and a half gm sodium 
bicarbonate given intravenously three hours pre 
viously 

13 

1/10/lG 


7 5 

81 


Alkali administered Patient received 4 gm sodium 
bicarbonate by mouth in past 24 hours Eeeur- 
rence of coma with hyperpnea 

14 

1/14/16 

3 

7 5 

82 


Recurrent acetonemia Vomiting, drowsiness Ace 
tone bodies in blood, 84 mg 

15 

2/ 8/lG 

3 

7 4 

79 

20 

Idiopathic acetonemia Hyperpnea Drowsiness 
Acetone bodies in the blood, ^ mg 

IG 

2/26/lC 

10 mo 

7 4 

79 

24 

Hiarrbea Vomiting Acetonemia Hyperpnea Ace 
tone bodies in blood, 69 mg Plasma OO 2 , 37 
vols per cent 

16 

2/2C/16 


79 

1 

8 6 

1 

Alkali administered Two hundred cc 2 per cent 
sodium bicarbonate subcutaneously followed by 
2 gm sodium bicarbonate by mouth every two 
hours for ten hours preceding 

17 

0/15/15 

1 

765 

815 1 


Ileocolitis Acetonemia 

18 

0/ 6/15 

7 mo 

7 75 

8 15 

SO 

Diarrhea Acetone bodies in blood, 35 mg 

19 

7/13/15 

6 mo 

73 

79 

25 

Severe diarrhea Hyperpnea Sellards’ test color- 
less on evaporation Acetone bodies in blood, 
21 mg 

20 

7/29/15 

1 

7 3 

76 

1 

Severe diarrhea Hyperpnea 

21 

7/31/15 

1 

7 5 

8 15 

34 

Diarrhea Acetone bodies in the blood, 23 mg 

22 

8/ 5/15 

3 mo 

72 

7 55 

14 

Diarrhea Hyperpnea Acetone bodies in blood, 
19 mg Hb dissociation curve (Barcroft), 17 8 per 
cent saturation at 17 mm 

23 

7/20/15 

7 mo 

7 25 

7 45 


Diarrhea Marked hyperpnea Acetone bodies in 
blood, 22 mg Hb dissociation curve (Barcroft), 
13 per cent saturation at 17 mm 

24 

3/17/16 

2 

75 

79 

24 

Diarrhea Hyperpnea 

25 

4/ 6/16 

2 mo 

7 05 

7 55 

18 

Diarrhea Hyperpnea Acetone bodies in the blood, 
24 7 mg 


* I am mdeDtea to Drs T 0 Janeway and H O Mosenthal for permission to study these cases occur 
ring: in their service at the Johns Hopkins Hospital 

t I am indebted to Drs T B Bog:gs and T P Sprunt for permission to study these cases occurring 
in their service at the City Hospital 

t I am indebted to Hr N M Keith for permission to study this case occurring m his service at the 
Brady Urological Institute 

§ I am indebted to Hr L P Barker for permission to study this case, which occurred in his service at 
the Johns Hopkins Hospital 
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according to the method of Levy, Rowntree and Marriott, as ongin.illy 
described and without removal of carbon dioxid 

In all the cases of acidosis studied the Rpli of the seuim showed 
de\ lations from the normal The more se\ere the acidosis, as indicated 
clinically or by \arious laboratory methods, the lower were the figures 
obtained for the RpH Especially striking was the parallelism between 
alveolar carbon dioxid tension and the RpH The accompanying cur\ e 
illustrates graphically the relation^® The two \ allies should corre- 
spond, as explained above, provided the respiratory center does not 
vary m its excitability and the pulmonary epithelium is not damaged in 
such a i\ay as to prevent equilibrium being attained between the air m 
the pulmonar}^ aheoli and the blood in the pulmonary capillaries Tims 
a hyperexcitable respiratory center should lead to a low alveolar carbon 
dioxid tension, wnth a coincident normal alkali rcserie A diminished 
peimeabihty of the pulmonary epithelium w'ould result in a low^ering 
of carbon dioxid tension in the aheolar air, but not necessarily to a 
diminution in the alkali reserve of the plasma 

In a number of instances the combined carbon dioxid of the plasma 
w'as determined according to the method described by \’an Slyke 
The results obtained w'ere m a general w'a} proportional to the RpH 
of the serum The eflfect of alkali therapy in replenishing the alkali 
reserve is showm in the results obtained on cases 3, 4, 5, 7, 12, 13 and 
16 The RpH invariably shows an increase follownng administration of 
alkalies, but does not necessarily reach its normal value It is in con- 
nection wnth the alkali therapy that we have found the method of 
especial value, as it gues information as to the piobable amount of 
alkali needed to replenish the reserve A determination follownng the 
administration of alkali show's wdiether the amount has been sufficient 

INTERPRETATION OF RESULTS 

The values obtained for the RpH of the serum may, in the light 
of our experience, be interpreted as follow'S 

Values for the RpH of from 8 4 to 8 55 correspond to alveolar 
carbon dioxid tensions of from 38 to 45 mm , and are to be considered 
as normal values for adults Values betw'een 8 0 and 8 3 correspond 
to alveolar carbon dioxid tensions of from 28 to 35 mm and indicate a 
moderate degree of acidosis 

When the value for RpH is as low as 7 7, corresponding to an 
alveolar carbon dioxid tension of 20 mm , the individual is in immi- 
nent danger During coma, an RpH as low as 7 3 corresponding to an 

18 Alveolar air was collected by the Plesch-Higgins method and analyzed 
either by means of the Haldane apparatus or by the colorimetric method 
(Marriott Jour Am Med Assn , 1916, Kvi, 1594) 

19 Van Slyke Proc Soc Exper Biol and Med , 1915, xii, 165 
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alveolar air of 11 mm, has been observed In infants under 1 year 
of age a value for RpH of 8 3, corresponding to 35 mm tension in the 
alveolar air, is not to be considered abnormal 

It has been our experience m general, in this clinic, that unless the 
RpH of the serum is below 7 9, the acidosis may be successfully com- 
bated by dietetic regulation or by the administration of alkali by 
mouth When the RpH of the serum falls below 7 9, intravenous 
administration of alkali is usually indicated 

SUMMARY 

Acidosis implies a diminution of the alkali reserve of the blood 
plasma, though not necessanl}^ a change m its hydrogen ion concen- 
tration 

A simple and rapid method for the measurement of the alkali 
reserve is described It is a modification of the indicator dialysis 
method for the determination of hydrogen ion concentration, but is 
more accurate and gives more information than that method 

The method serves for the detection and accurate quantitative esti- 
mation of the degree of acidosis 

The lesults obtained on twenty-five cases of acidosis are reported 

20 Standardized phosphate mixtures sealed in tubes, the color comparison 
box, tubes and accessories used in the method may be obtained from Hynson, 
Westcott & Company, Baltimore 
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Diseases of the Digestive Organs with Spicial Riference to Their Diag- 
nosis AND Treatment By Chari es D Aaron, ScD, MD, Professor of 
Gastro-Enlcrology m tlie Detroit College of Medicine and Surgery Cloth 
Price, $6 net Pp 790, with 202 illustrations Pliiladelphia Lea and 
Febiger, 1915 

In contrast with Professor Mendel’s book, ^^hlch contains an extraordinarj 
amount of things new and true in small compass. Dr Aaron’s book succeeds 
m spreading out a mass of misinformation over 750 large pages, in one of 
the most unsatisfactory books that has come to tlic rc\ic\\cr’s attention for a 
long time In the first place, its utterly uncritical laboratory methods and 
methods of diagnosis are sho\clcd in wholesale, without any choice between 
the valuable and valueless On its clinical side it is equally unsatisfactorj 
The account of gastric ulcer, for example, contains within the first five lines 
the following statements “The symptoms of gastric ulcer arc at first ill defined, 
resembling those of gastritis The discomfort is soon followed bj nausea and 
regurgitation or ^Olnltlng A boring pain is characteristic of gastric and 
duodenal ulcer, it ahvays comes on within an hour after eating” According 
to the reviewer’s experience, not one of these sjmptoms is even approximately 
true The author goes on to saj that it is strictly necessary to prohibit the 
patient from all manipulations of the epigastric region, as well as from all 
pressure produced by dress or work It is hard to imagine anything wdiercby 
useless apprehension and worry could be more easily produced in the patient 
than by this statement He recites a number of meats, “permissible for gastric 
patients” These are beef, veal, lean pork, hare, deer, fowl, squab, partridge, 
pheasant Apparently, lamb is fatal, since it is nowhere mentioned 

Under his therapeutics he states that in cases of acute intestinal or gastro- 
intestinal catarrh, opium in some form is always indicated In discussing ner- 
vous eructations he says “The air wdiich is belched up has gamed entrance 
to the stomach by some means, though it is rare that atmospheric air is directly 
aspirated by the stomach ” To anyone w'ho has W'atched with the fluoroscope 
while the an sucked into the stomach comes rushing down the esophagus and 
then IS expelled again, this statement must be surprising 

Four pages are devoted to gastralgia, described as a condition peculiar to 
individuals of nervous temperament Although he says that diagnosis is made 
by excluding organic diseases of the stomach and intestines and the more 
remote viscera, he also says in the same paragraph that among the recognized 
causes of gastralgia are syphilis, gallstones and chronic appendicitis The 
meaning of the last statement cancels that of the first 

Rectal feeding is cordially recommended, and among the foods mentioned 
as valuable for this purpose are eggs, meat, butter and wheat flour He seems 
totally oblivious of the fact that modern investigations have shown that little 
or no absorption of any of these foods occurs in the rectum 

Among the predisposing causes of gastric ulcer he mentions achylia gastnea 
Scirrhous carcinoma, he says, is made up of an abundance of connective tissue 
In his account of liver abscess he says “The facial expression is one of 
suffering The eyes are sunken and the conjunctivae have a mother-of-pearl- 
like luster The high position of the diaphragm often gives rise to dyspnea ” 
No considerable clinical experience would have taught him that none of these 
things IS true in the majority of cases of liver abscess 

Under discussion of tapeworms he says that nasal and anal pruritus is 
common in cases of infection with most tapeworms, but rarely seen with 
Hymenolepis nana Here we seem to have reminiscence of the old wives’ 
legend that a child who scratches his nose has worms 
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Under the account of tnchiniasis there is no mention of eosinophilia as a 
diagnostic sign The difficulties and dangers of esophagoscopy are not in any 
way hinted at In fact he says the procedure involves practically no danger 
As far as the present reviewer can see, one would have no need to be a 
doctor to write such a book Clinical experience is hardly visible anywhere 
Any one who knew the works of Ewald, Boas or Einhorn could have written 
the book The multiplicity of such treatises is one of the worst signs of 
modern medicine 

Changes in the Food Supply and Their Relation to Nutrition By 
Lafayette B Mendel, Professor of Physiologic Chemistry in the Sheffield 
Scientific School of Yale University Cloth Price, 50 cents Pp 61 New 
Haven Yale University Press, 1916 

Yale University Press is to be congratulated upon two remarkable little 
books each containing multum in parvo — Prof Graham Lusk’s, “The Funda- 
mental Basis of Nutrition,” and the little book now under review. Prof L B 
Mendel’s “Changes in the Food Supply and Their Relation to Nutrition ” 
Professor Mendel starts with Sir William Crookes’ forecast made in 1898, 
to the effect that by 1931 we should have reached the limit of wheat production 
upon the earth, while the population would presumably be still increasing, 
and this Sir William regarded as a most ominous prediction, as he regarded 
wheat as “the most sustaining food grain of the great Caucasian race ” Pro- 
fessor Mendel agrees that tins estimation as to wheat acreage is probably 
correct, but that in the first place the yield by acre would be increased and 
that, moreover, any alarm in relation to wheat acreage fails to take into 
consideration the altered prospects arising out of modern increase of knowledge 
of the science of nutrition Wheat shortage does not mean food shortage, 
for new grains are coming in One of these is the proso millet, another, gram 
sorghum, or kaoliang, both long known as constituents of the diet of mankind 
and especially valuable because they are drought-resistant and will grow where 
the staple small grams requiring moisture fail Both of them have been 
tested, in a semi-public way, as foods, by Hansen of the South Dakota Agri- 
cultural Experiment Station Cotton seed flour is also clamoring for recognition 
Professor Mendel points out, further, that cold storage, in its recent develop- 
ments, has a most important bearing on the food supply Fresh fish, when 
frozen, can be preserved without undergoing any important change for at least 
two years Desiccated milk preserves all its nutritive features so that several 
investigators, including Professor Mendel himself, have raised small animals 
into a second generation, with dried milk as the chief component of their 
ration He points out also the use of waste products, such as cotton seed oil, 
oleo oils from beef, slaughter house blood, corn syrups and old butter suc- 
cessfully renovated It is conceivable also that cellulose might be converted 
into available carbohydrate by chemical procedures 

Increasing use of nuts, as in popular peanut butter, figures as one of the 
so-called substitutes for meat, though, as he points out, it could be more truly 
said from an evolution point of view, that meat is a substitute for nuts 

Another important section of the book deals with changes of fashion in 
diet Because the more well-to-do classes have for some time been m the 
habit of eating a great deal of meat, dietary fashions are imitated by others, 
not because they need the meat, but because it is a matter of pride for them 
to follow as best they can the more well-to-do classes in their diet 

The use of fresh fruits, he says, has been enormously extended in the last 
twenty years m the temperate zones Since 1840 the value of the orchard 
products in the United States increased from $8,000,000 to $140,000,000 Both 
with fruits and with cereals, advertising is now successful in changing our 
habits away from the excessive use of meat Breakfast foods and bakers’ 
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bread are being produced upon a scale never equaled before Bread-inaking 
IS becoming a factory problem The use of butter, cheese, nuts, candy, green 
vegetables, such as peas and asparagus, is now increasing 

All of these changes are in the right direction and against the senseless 
imitation of the plutocratic diet The grape juice industry has grown bj leaps 
and bounds, so that Secretary Daniels’ grape juice is inevitable to become one 
of the national drinks 

Professor Mendel suggests that the enormous percentage of waste in the 
apple crop (nearlj' 25 per cent ) may be transformed bj new methods into 
apple syrup and fresh cider 

Another influence making against the excessive meat diet is the dairy lunch 
room innovation The dairy lunch room is not as cheap as the old home 
dinner pail and lunch basket, but contains a larger proportion of cereal in 
a more inviting form 

The present European war, he thinks, will tend m the same direction The 
regimen of South German households is being gradually substituted for the 
excessive meat diet of the northern provinces Varietv of food and the use 
of fish, rather than artificially preserved foods, arc still of great importance 
because of the danger tliat vve shall lose the accessorj diet factors or vitamins 
in the processes of preservation or manufacture 

I have been able to suggest only some of the most important features of 
this most interesting book, which should be read from cover to cover by all 
who arc concerned with the problem of nutrition 
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CLINICAL CALORIMETRY 

NINTH PAPER 

FURTHER MEASUREMENTS OF THE SURFACE AREA OF 
ADULTS AND CHILDREN’*' 

MARGARET SAWYER, BS 

IOWA CITY, IOWA 

RICHARD H STONE and EUGENE F Du BOIS, MD 

NEW YORK 

In paper 5^ of this series a method was described by means of 
which It was possible to determine the surface area of living subjects 
On the basis of the measurements of five persons of widely varying 
body shapes, a formula was devised by Mr Delafield Du Bois which 
gave an average error of only 1 7 per cent when applied to the persons 
measured The number of subjects was rather small and it has seemed 
best to continue the work and apply the formula to persons of unusual 
shapes 

Since the publication of the previous paper, in which the literature 
was reviewed, a number of references have come to light largely 
through the attention of Dr Francis G Benedict of the Nutrition 
Laboratory of Boston The work of Sicheff^ is of considerable impor- 
tance Working in Gundobin’s clinic he applied the methods used by 
Meeh to twenty-four children from the ages of 1 day to 15 years, and 
to one adult He found the surface area proportional to the two third 
power of the weight, but the average constant by which this should be 
multiplied IS 10 7, according to his figures, instead of Meeh’s figure 
of 119. In the case of the adult the constant would be 8 8, which 
is at such variance with the results of other investigators that it would 
seem as if some error must have crept into the calculations m this one 
case 


* Submitted for publication Feb 4, 1916 

*From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital 

1 Paper 5, Clinical Calorimetry, The Archives Int Med , 1915, xv, 868 

2 Sicheff (Ssytscheff), A I ; Measurement of the Volume and the Surface 
of the Body of Children According to Age, Inaug Dissert, Petrograd, 1902 
The tables are given in Gundobin, Die Besonderheiten des Kindesalters, Berlin, 
1912 We are indebted to Dr Benedict for permission to consult the transla- 
tion of the original article in the Nutrition Laboratory 
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Vanot and Saint Albin^ have measured the surface of a number 
of children using pieces of tin foil, and Maurel’’ has worked out the 
relationship of the thorax dimension to surface area Letulle and 
Pompilian''’ in 1906 used a method of determining surface area some- 
what similai to the formula adopted by D Du Bois nine years later 
They consider that the surface of the body consists of a number of 
trapezoids, one covering the upper arm, one the forearm, one the hand, 
one for each finger, etc They calculate the area of each trape/oid 
from the length of the part and the circumference at the two borders 
which form the sides of the figure The errors inherent in this method 
become evident when one looks at the factors used in the "Linear 
Formula” of D Du Bois It is necessary to correct the a\eragc length 
and breadth of each part by a factor to obtain the true surface 
Lassabhere’’ measured the surface of a large number of children by 
marking out the skin in geometrical patterns and determining the area 
by means of a perimeter He found the skin area proportional to 
10 5 Wt- or to 0 92 Ht - or to 2 3 Pcrim \Vt being the kilograms 
of body weight, Ht the height in centimeters and Perim the circum- 
ference of the thorax at the le\el of the nijiples 

INDIVIDUALS MCASUKDD 

Anna M — Tins \\as the cacla^c^ of a cliilcl 21 montlis old, uogiicd and 
measured about two hours after death Tlie subject was small for her age 
and had suffered from rachitis, the cpiphjses at the wrists w'cre large and the 
thorax was pigeon-breasted, being narrow' and \er} deep antcroposteriorly The 
child had pertussis and developed a fatal pneumonia 

Fabian R S, aged 12 years, 10 months, an unusuall} well formed boy with 
no signs of puberty as yet He w'as muscular and r.itbcr short for his age He 
served as the subject for one of the calorimeter experiments described in 
Paper 12 

Gerald S 18 years old, tall and much emaciated He was a diabetes patient 
and a complete description of Ins case is to be found in Paper 17 He w'as 
given the Allen fasting treatment from November 11 to 19 and the measure- 
ments were taken December 1 after he had been on a maintenance diet for about 
a week His weight at one time dropped to 38 7 kg , but increased to 45 25 kg 
as a result of food ingestion, and also on account of an iimsible edema 

ERROR IN PREVIOUS PAPER 

A brief preliminary note about the measurements of Geiald S w'as given 
at the end of Paper 5‘ of this series The discrepancy betw'een the calculated 

3 Vanot and Saint Albm La mensuration de I’aitre cutanee des jeunes 
enfants par I’enveloppement avec des fculles d’etam, Bull Soc de pediat de 
Pans, 1903, v, 307 

4 Maurel, E Adaption de la section thoracique a la surface cutanee par 
rapport an poids, depuis la maissance jusqu’a I’age adult, Compt rend Soc 
de biol , 1904, Ivi, 980 

5 Letulle and Pompihan Methode de recherche applicable a I’etude de la 
nutrition. Rev Soc scient d’hyg aliment , 1906, in, 708 

6 Lassabhere, P Evaluation de la surface cutanee chez le jenne enfant, 
Compt rend Soc de biol , 1910, 339 
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and measured areas of the thorax was so much greater than m any other case 
that an error was suspected It became apparent that the recorded length of 
the thorax was 10 cm too short This measurement L had been determined 
by subtracting the distance from foot to upper border of the pubes from III, 
the distance from foot to suprasternal notch llie recorded measurements in 
the case of Gerald S from the sole of the foot were as follows “To supra- 
sternal notch, 134 5 cm ” , to outer end of clavicle, 145 8 , to upper border of 
axilla, 1362, to tip of ensiform, 1250, to the nipples, 134 3, height, 1718 It 
was evident that the suprasternal notch must have been more than 02 cm 
above the nipples To find its correct position the measurements of the five 
subjects whose shape was nearest to that of Gerald S were tabulated and the 
average percentage of the height shared by the distance between suprasternal 


TABLE 2 — Measurements Not Used in Formula 



Anna 

M 

rablan 

S 

Gerald 

S 


B H S 
Juno IS 

I— 'WolBht, Kb 

G27 

32 74 

45 25 

57 02 

03 00 

Cm 

Cm 

Cm 

Cm 

Cm 

11— IIciBlit or Icnstli 

73 2 

141 5 

171 8 

104 8 

184 2 

III— Solo of foot to suprnslcrnnl notch 

MS 

114 7 

144 5 

135 7 

162 2 

IV— Solo of foot to nipples 

V— Solo of foot to upper border of 

504 

107 0 

134 3 

123 0 

140 2 

nvilla 

532 

109 5 

130 2 

127 9 

145 8 

VI— Solo of foot to tip of ensiform 
VII— Solo of foot to superior border of 

45 0 

100 2 

125 0 

117 5 

1298 

Brent trocbnntcr 

30 2 

737 

03 0 

885 

1031 

VIII— Solo of foot to perineum 

IS— OIrcumforcnco of thornx nt tip of 

200 

04 2 

SCO 

70 4 

021 

ensiform 

S— Tip of second fInBcr to upper bor 
dor of avllln 

SI— Tip of second llnBor to tip of 

412 

05 0 

70 6 

07 5 

74 0 

78 8 

olecranon 

SII— Tip of second flnBOr to metnearpo 

18 0 

37 0 

40 9 

43 3 

519 

phalanBcal joint 

Sill— Tip of olecranon to lower border 

40 

98 

108 

101 

12 3 

of radius 

XrV— Tip of olecranon to acromion proc 

98 

223 

28 0 

20 0 

31 6 

CSS 

XV— Olrcumfcrcnco ot arm nt Insertion 

ISO 

2S0 

37 5 

32 8 

37 7 

of deltoid 

XVI— OIrcumforcnco of ann at belly of 

10 4 

19 4 

18 7 

200 

256 

bleeps 

XVII— Olrcumferenco of thiBh half way 
between anterior superior spine 
of Ilium and lower border of 

10 0 

i 

191 

18 S 

1 

238 

251 

patella 

17,8 

392 

37 0 

62 2 

470 

XVIII— LarBOSt circumference of calf 

18 0 

20 0 

27 2 

85 0 

310 

XIX— Olrcumferenco of foot at heel 

XX — Trom back of neck around supo 

110 

20 6 

i 

302 

297 

81 5 

rlor maxilla 

818 

42 5 

43 6 

450 

48 3 

XXI — Around neck just below larynx 
XXII— Around shoulders at level of heads 

17 5 

290 

30 8 

33 6 

80 5 

of humeri 

i 39 8 

73 6 

87 4 

910 

103 6 


notch and various neighboring parts was calculated The projected location of 
the suprasternal notch in Gerald’s case according to three different methods 
was 145 6, 142 4 and 144 2 The measurement 144 5 was adopted since it seemed 
probable that the error had consisted in recording a 3 instead of a 4 Unfor- 
tunately the subject had died before the error was suspected and could not be 
measured again 

Emma W, 26 years old, a sculptor’s model She was well proportioned, 
slightly above the average height and was neither fat nor thin She had always 
been athletic and her muscles were well developed 

R H S , 21% years old An unusually tall and thin man who had lost 
about 5 pounds during the past year For three days before his first measure- 
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ment an attempt was made to reduce his weight still further He was kept 
for two days on a diet low in carbohydrates and salt On the morning he 
was measured he took a light breakfast and played tennis for one and one 
half hours, drinking no water after the exercise 

Robert L , 43 years old Five years previously he had lost both legs in a 
railroad accident The right limb was cut off 50 5 cm below the superior 
border of the great trochanter, the left 25 5 cm below the same point Both 
stumps were atrophied from disuse His face, trunk and arms were fat 

Harry J , 34 years old, colored, usually called "Rubber tires” from the 
wheels on which he propelled himself with the velocity of a bicycle His legs 
had been cut off in a railroad accident when he was only 6 years old As a 
result of his deformity he had developed a form which reminded one of a 
hermit crab The shoulders and arms were very large and powerful, the hips 
were those of an undeveloped boy, the stumps were atrophic The left leg 
was cut off at the knee, the right about half way up the thigh Six years pre- 
vious to examination he had a stroke of apoplexy and the right side of the 
body was paralyzed, but was now spastic with some power of movement As 
a result of this he propelled himself on his wheels and lifted himself about 
entirely with his left arm, which was unusually strong He had no superfluous 
fat on his body 

METHODS USED 

The area of the molds was determined by the method of printing 
on photographic paper and weighing described in Paper 5 In some 
of the cases, however, the molds were made by new methods, although 
the paper strip method previously described proved the most accurate 
and was used m all cases except when specifically noted The cadaver 
of the baby, Anna M , was dressed in tight fitting clothing and melted 
paraffin applied to the whole surface In the case of Fabian S the 
tight fitting underclothing was covered with strips of surgeons’ adhesive 
plaster and over this melted paraffin was painted This same method 
was used in the first mold of Emma W on May 3 It was noted 
that in both these cases it was comparatively easy to cut the mold 
open, while with the paper strip method it was hard to get even small 
probe-pointed scissors between the mold and the skin This led to the 
suspicion that the adhesive plaster stretched, so the measurement of 
four of the parts was repeated with Emma W Molds of the arm 
and leg were taken by the paper strip method on May 13, and of the 
trunk and thigh on May 17 , measurements of the parts being made on 
the same day The weight on May 3 was 58 09 kg , on May 13 57 22 , 
on May 17, 57 62 kg It will be seen m Table 3 that the paper method 
results were 6 5 per cent smaller for the arms, 8 6 per cent smallei 
for the thighs, 4 5 per cent smaller for the legs and 1 6 per cent 
larger for the trunk When the totals for the four parts are com- 
pared, the paper results are 3 3 per cent lower, and it may be concluded 
that the data obtained by the adhesive plaster method in the case of 
Fabian S are about 3 3 per cent too high and therefore should be 
excluded from the averages 
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In all of these subjects the left upper and lower extremities were 
not included in the molds or m the measuiements In the case of 
Harry J, molds were made of the tiunk and thighs alone, and with 
Robert L the mold of the head was omitted 

The measurements were made in the manner described m the pre- 
vious paper and the same letters and numbers applied to them In 
the previous work the measurement F was obtained by adding XIII 
and XIV, tlic distance from tlic tip of the olecranon to the low'er 
border of the radius and from the olecranon to the outer end of the 
clavicle These measurements had been made wnth the arm bent and 
their sum averages 9 5 per cent larger than the measurement from 
acromial process to low'cr border of the radius wnth the arm straight 
Therefore, m using the formula the measurements should be made with 
the arm bent or else the factor 0 611 used instead of 0 558 


TABLE 3 — CoMi’VRisov of Arf\s of Parts of Bodv \s — 


Xnnic 

Head 

Irms 

Hands 

Hea 

1 fcured 

For 

mula 

} rror, 

% 

Mi a 
'-ured 

For 

mula 

Error, 

% 

Men 

sured 

1 For 
j mula 

i Error, 

1 *0 

1 

Anm 

^ CIO 

fiG5 

+0 


103 


211 


-23 

r R s* 

(1037) • 

1031 


(1C20)* 

1178 


CIO 


1 -3 

Gerald S ' 

030 

078 

+3 

2132 

2017 


870 

873 

j -0 

Lramn W * 

(1070) 

loni 

(+1) 

(2102)* 

Cl 


SOC 

CS3 

i -13 

Emma W 




2252 

2113 

— 5 



j 

R H S 

120S 1 

3107 

—1 

2778 

2»SI 


SOI 

1002 

! +12 

Robert L 

! 

non 


2072 

2313 


03C 

878 

1 

1 — 8 

Harrj J 1 


1101 

1 



2358 

H 





* llcnsurccl by ndliesi\c plaster mctliod, results n^criiKC S3 i)cr cent too lilgb 


ACCURACY OF METHOD 

In order to give the method of measurement of the surface area a 
severe test, molds were made of a bowding ball, a perfect sphere wnth 
an average diameter of 21 78 cm and a calculated surface of 0 1490 
square meters The first mold was made by covering the ball with 
two layers of surgeon’s gauze, pasting strips of paper over this, cutting 
off the mold and coating the inside with paraffin The area of this mold 
was found to be 0 1566 squaie meters, or 5 1 pei cent too large A 
second mold was made with greater care Only one thickness of gauze 
was used and this was drawn over the ball like a bag, the excess being 
trimmed off The paper strips were pasted very tight and the paraffin 
omitted The area of the second mold was 0 1488 square meters, or 
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0 13 per cent lo^Yel than the theoretical surface area This shows 
that the method is accurate if the paper be applied very tightly in the 
manner always used by us, but that if the stiips be applied at all loosely 
or if a mateiial such as adhesive plaster be used, there may be a plus 
error of 3 to 5 per cent 

One criticism of the linear formula which has been made is that 
it would be difficult for two observers to obtain concordant results on 
the same individual To test this point a man 182 8 cm tall, weighing 
87 08 kg , was measured by two of the staff independently and the sur- 
face calculated according to the “Linear Foi inula” The fiist result 
was 2 0733 square meters, the second 2 0798, the difference being 
0 3 per cent Another subject was measured independently by two 
physicians, one of whom had never seen the method applied, and the 
results agreed within 0 5 per cent This is pi obably closer agreement 


XLY Measured and as Calculated from Formulas 


Irunk 

Thighs 

Legs 

Feet 

For 

mula 

Error, 

% 

Mea- 

sured 

For 

mula 

Error, 

% 

Mea 

sured 

For 

inula 

' Error, 

% 

Mea- 

sured 

For- 

mula 

Error, 

% 

1347 

— 1 

478 

488 

+ 2 

340 

318 

-7 

210 

205 

—5 

3978 

3) 

(2100)* 

2180 

(-2) 

(1450)* 

1407 

(-3) 

( 834)* 

808 

(-3) 

5105 

+ 3 

3002 

2077 

—11 

1870 

2144 

+14 

1042 

1055 

+1 

5482 

(-1) 

(3008)* 

3424 

(- 5) 

(2392)* 

2030 

(-15) 

(1084)* 

1032 

(-5) 

5522 ^ 

— 2 

3324 

3448 

+ 4 

2288 

2207 

— 4 




5807 

— 3 

3155 

3457 

+ 9 

2034 

25S7 

1 

— 2 

1251 

1301 

+4 

7701 

+12 

1755 

1781 

+ 1 


1 





6130 

— 7 

5 794 

} 1196 

Right 

Left 


1 







than would often be found, since measurements of the same part made 
by one man sometimes differ by 5 per cent There is no factor except 
a difference in the tension of the tape which would throw the error m 
one direction more often than the other 

DISCUSSION OF RESULTS 

Tables 1 and 2 give the linear measurements, and Tables 3 and 4 
the results of the determinations of the surface area The individual 
parts show a somewhat greater divergence between the area as deter- 
mined by formula and as actually measured than in the former paper, 
but this was to be expected The total results are all that could be 
desired In the cases of Gerald S and R H S the errors m the 
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formula are 0 3 and 0 1 per cent, respectively With Anna M and with 
Emma W as measured by the paper method, — 2 9 and — 2 0 per cent 
The average error for these four subjects is 1 3 per cent Fabian S 
shows an apparent error of 3 5 per cent when measured by the adhesive 
plaster method This would be reduced to — 0 2 per cent if we made 
the correction for the average plus error of 3 3 per cent in the adhesive 
method 

TABLE 4 — SuMM\RY 



1 

Surfnee Area 

j 

i 

1 

Surface 

Area, 

Mech’s 

For- 

mula 

1 


Oor 

rect 

Oon 

Etant 

Meeh’s 

For 

mula 




>nmc 
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1 

Linear 
Tor- 1 
mula 

1 Error, 

1 tO 

1 

i i 

Error, | 
^0 1 

1 

Age, 

Irs 

Weight, 

Kg 

Height, 

Om 

Anna M 

OSG90 

0 3592 

1 

—20 i 

1 

i 0 4^5* 

1 

1 +93 

10 9 

i j 

1 2 

C27 ! 

! 73 2 

F R S 

(1 lSC9)t 

11455 

(-3 5) 

1 12C0 ! 

(+ C2) 

(UC) 

12 

32 74 

j 1415 

Gerald S 

1-I901 ' 

‘ 1 4941 

i +0 8 

1 1563 

+ 49 

UY 

17 

45 25 

171A 

Fmma W 

(1 CS37)t: 

1 6S74 

(-0 0) 

i j 

j 

i 


26 

i 


Emma W 

1 6151 

1 G128 1 

—20 

1 (537 

+11 C 

no 

ec 

57 C2 

104 8 

R H S 

1 79S1 

1 7993 

+01 

1949 

+ S4 

11 4 

i 

C3 00 

Cl 

Robert L 

1 4209 

1 4G92 

+2 7 

loco 

*1*37 0 



C3 81 


Harry J 


1 3034 


1 800 i 
1 1 

+CS0 


I 

j 

55 92 

i 

1 


* Constant used for Mcch’s formula for the baby = 11 0, for adults 12 3 
■f Measured bj adhesive plaster method, results average 8 S per cent too high 


SUMMARY AND CONCLUSIONS 

The so-called “Linear Formula” for the estimation of the surface 
area has been satisfactorily tested on four new subjects of varying size 
and shape In addition, partial measurements of two legless men have 
been made The average error in the formula when applied to the 
four subjects was 1 3 per cent Two of the subjects were children and 
in these cases the error in the formula was under 3 per cent Since 
the youngest was about 2 years old it does not seem advisable to use 
the formula for babies under this age until the factors have been tested 
by the measurements of infants 

In conclusion we wish to thank Dr A L Me 3 'er and Mr G F Soderstrom 
for their aid m making the molds and measuring the subjects 

477 First Avenue 












CLINICAL CALORIMETRY 


TENTH PAPER 

A FORMULA TO ESTIMATE THE APPROXIMATE SURFACE 
AREA IF HEIGHT AND WEIGHT BE KNOWN* 

DELAFIELD Du BOIS, B S 

BURLINGTON, VT. 

AND 

EUGENE F Du BOIS, M D 

NEW YORK 

Since the publication of Paper 5 of this senes the so-called “Linear 
Formula” has been used in the study of a large number of individuals 
Practically all of the subjects of respiration experiments in the Sage 
calorimeter have been measured m this way, and m addition Means^ 
of Boston has used it as a factor in determining his normal base line of 
metabolism and the extent of the pathological variations. Means has 
found that the range of normal variation from the average is smaller 
and that the apparent depression of metabolism in obesity is much less 
marked when the linear formula, instead of Meeh’s formula, is used 
to determine surface area 

The accuracy of the linear formula has been shown in Paper 9 of 
this series In order to correct the slight error in the factor for the 
arms, and also m order to clear up a few points in the measurements 
which may cause confusion, it seems best to repeat the formula and 
show the bony landmarks by diagram (Fig 1) Some difficulty has 
been experienced in locating the superior border of the great trochanter 
in fat subjects This landmark is the starting point of the measure- 
ment “O” which repiesents the length of the thighs If we employ 
another factor we can use the new measurement “W,” the distance 
from lower border of the patella to the upper border of the pubes, a 
point already located in the measurement “L In taking this measure- 
ment, however, one must be careful to have the legs straight and the 
knees, heels and great toes touching It is better to take all measure- 
ments from a footboard with the subject lying down,^ determining dis- 
tance from soles of feet to lower border of patella, to upper border of 

* Submitted for publication Feb 4, 1916 

* From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital 

1 Means, J H Studies of the Basal Metabolism in Obesity and Pituitary 
Disease, Jour Med Research, 1915, xxxii, 121; Basal Metabolism and Body 
Surface, Jour Biol Chem , 1915, xxi, 263 

2 This IS especially important with obsese patients 
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pubes, to suprasternal notch and to top of the head In Table 1 
a coinpanson is made of the old and new formulas for detei mining 
the surface of the thighs It is seen that the a^elage error is the same 
In the literature of the work on respiiatory metabolism it has been 
customary to gne only the age, weight and height If, therefore, we 



Fig 1 — Measurements used in “Linear Formula ” 


are to recalculate previous work in an effort to get more accurate results 
than are furnished by Meeh’s formula we must content ourselves with 
calculations based on height and weight A formula such as Meeh’s, 
based on weight alone, can easily give an error of 15 to 20 per cent , 

3 Dr F G Benedict of Boston has called our attention to the fact that this 
determines the length rather than the height We have found that as a rule 
the length is 1 or 2 centimeters greater than the height, but we must remem- 
ber that height varies 1 to 3 centimeters during the day 


cr 

u 

a 
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but this error is greatly reduced by taking the height into consideiation 
With people of very unusual body shape there does not seem to be 
any accurate method simplei than the linear formula with its nineteen 
measurements The reason why a consideration of the height does not 
entirely correct tlie calculations based on weight becomes apparent 
when we consider the circumference of the body at various levels For 
instance, in the case of R H H the average circumference of the legs 
was 30 0 cm and of the thighs 43 9 cm An increase of 10 cm m the 
length below the knees would mean an increase of 600 sq cm in surface 
area, but if the length of the thighs were increased 10 cm it would 
mean a gam of 878 sq cm Variations in the arms would not affect 
the height at all 


TABLE 1 — Comparison of Old and New Formulas for DrrrRMiMNc 

Surface Areas of Tnicns 


1 

Thigh Measurement* 

1 

1 Surface 
Thighs 
ns Mens , 
Sq Cm 

1 

Surface 

Calc 

0(P+Q) 

0 5C-S 

Error, 

% 1 

Surface 

Onlc 

W(P+Q) 

0 552 

Error, 

To 

Nnmc 

"O" 1 

Cm 

"W’’ 

Om 

Benny L 

1 

2G4 

22 4 

1284 

1204 


1103 

1 

— 7 

Monis S 

41 7 1 

8S8 

8022 

8207 


8251 

+ 7 

R H H 

1 47 0 

40 0 

8712 

8512 


8745 

+ 1 

E r D B 

1 40 8 

40 3 

SS20 

8035 


S^Sl 

+ 4 

Mrs McK 

400 

322 

8500 

8394 

+3 

8152 

—11 

Annn M 

ICO 

14 4 

478 

46S 

+2 

j 479 

+ 0 

Gerald S 

44 7 

44 0 

8002 

2077 

—11 

2027 

— 3 

Emma W 

45 7 

417 

8824 

344S 

+4 

3425 

+ 3 

R H S 

508 

40 3 

8173 

8457 

+0 

8404 

-f- 9 

Average 





±5 


db 5 


* Old monsuremcnt "0," superior border ol great troehnntcr to lower border o£ pntelln 
New measurement “W," superior border of pubes to lower border of patella 


A formula to express surface area must naturally be a bi-dimen- 
sional formula, as surface involves two dimensions If we assume 
that weight is proportional to volume, it is obvious that three dimen- 
sions are involved in any expression for weight Height is, of course, 
a single dimension If we attempt to construct a formula for surface 
area (A) based on weight (W) and height (H), it is obvious that a 
simple formula such asA = WXHXC (C being a constant depend- 
ing on the units used and the subject to which the formula is to apply) 
is not logical In this formula one side, A, is bidimensional and the 
other side, W X H X C, involves foui dimensions, three from W 
and one from H If W is tridimensional, it is obvious that the cube 
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root of W (=^W or is undimensional and a formula 

A = X H X C IS logical m that it is bidimensional on both sides 

Another bidimensional expression involving W and H would be the 

square root ofWXH (VWXHor X because W X H, 

being four-dimensional, is reduced to a bidimensional expression on 
taking the square root A formula based on this method of reduction 
would be A = X X C 

TABLE 2 — Measurements and Constants for Linear Formula (Measure- 
ments Taken with Subject Lying on a Flat Surface) 

Head AB 0 308 

A — ^Around vertex and point of chin 

B — Coronal circumference around occiput and forehead, just above eyebrows. 
Arms F(G + H + 1) 0611* 

F — Tip of acromial process to lower border of radius, measured with fore- 
arm extended 

G — Circumference at level of upper border of axilla 
H — Largest circumference of forearm (just below elbow) 

I — Smallest circumference of forearm (just above head of ulna) 

Hands JK 222 

J — ^Lower posterior border of radius to tip of second finger 
K — Circumference of open hand at the meta-carpo-phalangeal joints 

Trunk (Including neck and external genitals in the male, breasts in female) : 
L(M + N) 0703 

L — Suprasternal notch to upper border of pubes 
M — Circumference of abdomen at level of umbilicus 

N — Circumference of thorax at level of nipples in the male and just above 
breasts in the female 

Thighs 0(P + Q) 0 508 

O — Superior border of great trochanter to the lower border of the patella 
P — Circumference of thigh just below the level of perineum 
Q — Circumference of hips and buttocks at the level of the great trochanters 

Or — ^Thighs W(P + Q) 0 552 

W — Upper border of pubes to lower border patella (measured with legs 
straight and feet pointed anteroposteriorly) 

P — As above 
Q — As above. 

Legs RS 1 40 

R — From sole of foot to lower border of patella 
S — Circumference at level of lower border of patella 

Feet T(U + V) 104 

T — Length of foot including great toe 

U — Circumference of foot at base of little toe 

V — Smallest circumference of ankle (just above malleoli) 

^Factor 0 558 if F is measured over olecranon with forearm flexed 
Note —The constants for arms, thighs, etc, when multiplied by the measure- 
ments of one side give the surface area for both sides To find total surface 
area add the seven parts 
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TABLE 3 —Comparison of Various Formuias 
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C4 1 
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-12 
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John K 
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17010 
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—1 4 

Alb S 

004 

102 2 

10720 

25 5 

-0 5 

1010 

-3 7 

70 20 

—23 

Wm S 

44 0 

WflO 

13430 

23 7 

—74 
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+3 3 
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-04 
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C'lG 

179 4 
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-4 0 
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TABLE 3 — {Continued') 
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1 

—05 

70 00 ' 

—2 6 

Peter N 

63 4 

187 7 

17950 

24 0 

—62 

164 2 

EB 

69 09 

-3 8 

MaxW ! 

’(3 2 

173 7 

18540 

25 5 

—05 

164 5 

BB 

7107 

1 

—1 1 

Dan O’C 

60 0 1 

167 0 

10570 

25 4 

-08 

105 7 

—10 

7112 ! 

1 

—1 0 

Jack O’C 

314 

162 8 

12040 

23 5 

—82 

108 2 

*1-0 6 

69 35 

—35 

A P 

52 6 

159 0 

14870 

25 0 

—23 

162 5 

—29 

69 95 

—26 

G L 

79 2 

175 5 

20300 

269 

^51 

172 2 

-(-3 0 

74 70 

+i0 

F C G 

56 5 

173 9 

16440 

24 7 

-35 

167 4 

00 

70 29 

-21 

L M 

59 5 

170 6 

16340 

24 6 

—30 

1621 

—SO 

69 80 

—35 

P G B 

871 

182 8 

20760 

25 8 

-08 

164 5 

m 

72 22 , 

1 

-0 9 


* Measured by adhesive plaster method which gives results about 3 3 per cent too high 
The plus variations would be reduced by this amount 


Comparing the two formulas A = X H X C and 
A = X C, It will be seen that they differ in the relative 

importance given to W and H In the former W has less importance 
and H moie importance than in the latter Meeh’s formula 
A = X C, failed because H was neglected entirely Adding H 

to the formula makes it more nearly applicable to subjects of the same 
general shape but differing somewhat in relative dimensions, and the 
best formula involving only W and H will be the one which gives a 
certain best relative importance to W and H 

Both of the above formulas were carefully investigated by applying 
thtm to the nine subjects that had been measured in the laboratory 
For these subjects W, and A are known In testing a formula 
the procedure was to solve for C (the only unknown) for each 
of the ten cases and then to assume the correct constant for the 
formula to be the average value of the C’s so found The merit of the 

4 With about half the subjects this was determined standing No attempt 
has been made to correct for the difference between height and length (See 
Footnote 3, p 864 ) The largest difference we have found would cause a change 
of about 1 5 per cent in the surface area and reading This is within the limit 
of accuracy claimed for the Height-Weight Chart 
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formula -was then judged by the percentage variation of the factors 
C, as found for the individual cases, from the constant chosen This 
percentage variation would also be the percentage error in area in 
the individual cases if the formula were applied using the chosen 
constant 

The formulas with and both gave rather good results, but 
It was noticed m a number of cases that the percentage error for the 
same subject differed in sign for the U\o formulas This would indi- 
cate that some formula would be better than either of these two if H 
were raised to some power between and 1 

The formula A = X H X C can also be written 
A = X X C, bringing it into the same form as 
A = W^''“ X X C and the general form of this formula can be 
written A = X X C In order that the expression 
W^/a X X C may remain bidimensional it is only necessary that 
3/a X l/b = 2, as it does in the two cases considered For an inter- 
mediate equation it is obvious that (b) must be greater than 1 but less 
than 2 A value of b = 1 25 w'ould give a = 2 5 and the formula 
would be A = X X C This formula when tested ga\e 

very much better results than either of the others, but to find the best 
values of “a” and “b” it w'as necessary to explore formulas having a 
number of other combinations of “a” and “b” and then to interpolate 
graphically 

The best values of “a” and “b” w'ere found to be 
a = 2 35 and b = 1 38 giving the formula the final form of 
A = X X C or A == W° «= X X 71 84 This for- 

mula can be solved by logarithms as follow'S 

Log A = Log W X 0425 -f Log H X 0 725 -f 1 8564 
1 8564 IS a constant equal to Log C 

In order to make this somewhat complicated formula easy of appli- 
cation a chart has been constructed (Fig 2) By means of this it 
is possible to find the approximate surface area at a glance The 
ordinates represent the height in centimeters, the abscissae the weight 
in kilograms The point of intersection of these lines is found for any 
given subject and the surface area in square meters read off on the 
curved lines by interpolation The second decimal place, which is 
never accurate, is estimated by the distance of the point from the 
nearest curved line For instance, if the man were 150 centimeters 
tall and weighed 60 kilograms, the approximate surface area w’^ould be 
1 55 square meters 

The large plus error in the constant employed by Meeh® has been 
established by the previously quoted works of Bouchard, Lissauer, 
Sicheff, Lassabliere and ourselves According to our calculations the 


5 Meeh Ztschr f Biol , 1879, xv, 425 
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average error in Meeh’s constant is about 15 per cent Instead of 
a uniform figure of 12 312, the “constant” should average about 10 5, 
varying between 12 3 for the greatly emaciated and 9 0 for the very 
stout We must remember that figures for the calories per square 
meters of body surface will average 15 per cent smaller when Meeh’s 
formula is used then when the linear formula or the new Height 
Weight Formula” is employed 

SUMMARY AND CONCLUSIONS 

i 

The method of calculating the suiface area from the so-called 
“Linear Formula” is given with a slight correction in the factor for 
the arms and an alternative measurement for the thighs A simpler 
“Height-Weight Formula” has been devised to estimate the surface 
of subjects if only their height and weight be known This is expressed 
m the terms A = W° X H° X C A being the surface area in 
square centimeters, H the height in centimeters, W the weight in kilo- 
grams and C the constant, 71 84 A chart has been plotted from this 
formula so that the approximate surface area may be determined 
at a glance 

We may estimate the errors in the various formulas as follows 
“Linear Formula” and “Height-Weight Formula,” maximum ±: 5 
per cent., average ±15 per cent, Meeh’s Formula, maximum -{- 30 
per cent , average 15 per cent In general the maximum figures 
apply only to those of unusual shape, while with those of average 
body form the average error will seldom be exceeded 

Converse Hall — 477 First Avenue 



CLINICAL CALORIMETRY 


nLKVENTlI PAPER 

A COMPARISON OF THE METABOLISM OF MEN FLAT IN 
BED AND SITTING IN A STEAMER CHAIR* 

G F SODERSTROM, A L Mi:\ER. MD 

AND 

i: F Du BOIS, MD 
Nrw \ORK 

This paper and those which follow' it are based on results obtained 
w'lth the Sage calorimeter, w’hich was described a ) ear ago in the first 
two papers of the senes At that time the policy was adopted of pub- 
lishing all the alcohol checks to show the accuracy of the apparatus 
throughout the year It gives considerable satisfaction to report that 
the uniformly good results previously obtained have been repeated m 
this, the third season in which the calorimeter has been used After 
a period of several W'ceks needed to put the apparatus m order, 
a good check was made Oct 22, 1914, and not till then were 
the experiments begun Although there w'as no reason to suspect 
trouble with the apparatus, tests w'cre made Nov 28, 1914, Jan 1, 1915 
and also on May 19, 1915, after the last experiment for the season w'as 
completed The results are recorded m Table 1 m Avhich it w'lll be 
seen that the total errors w'ere as follow's heat, -{- 0 51 per cent , 
oxygen — 0 51 per cent, carbon dioxid — 0 36 per cent, w'ater 
-T 3 13 per cent The respiratory quotient averaged 0 666, wdnle the 
theoretical quotient is 0 6667 

Since the publication of Paper 2* a new' valve has been designed 
by one of the authors (G F S ) and has been attached to the absorber 
table, with most satisfactory results The three-w'ay valves by means 
of which the air current was switched from one set of absorbing bot- 
tles to the other required constant attention to prevent leaks The new 
valves have been used in about ninety experiments and have required 
repairs but once The details are showm in Figure 1 

The calorimeter bed has been the subject of much experimentation 
The oak frame on skids has proved satisfactory from the start, but the 
springs under the subjects sagged too much and the blanket covering 

* Submitted for publication Feb 4, 1916 

* From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital 

1 Riche and Soderstrom Chemical Calorimetry, Paper 2, The Archives 
Int Med , 1915, xv, 805 
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the springs stored too much heat A waterproof canvas, substituted 
for the springs, was more comfortable, but heat was accumulated under- 
neath the subject and was suddenly liberated whenever he moved This 
made the heat control difficult During the last year a comfortable 
hammock made of fish net has given excellent results Comparatively 
little heat is banked up underneath the man and when he turns over 
the liberation of heat is only one half or three quarters as great as in 
previous years to judge from the expansion of air in the box This 
means that a given reading on the work-adder in the season of 1914- 
1915 indicates a little more activity on the part of the subject than 
the same reading m previous years 



Fig 1 — Double throw valve for absorber table H, handle , T, tube through 
which sample of air can be removed, S, piano wire spring to open and close 
valves V and Vi, R, rubber washer acting as seat for valve, 


Figure 2 shows the bed with the oak frame and hammock Figure 
3 shows the steamer chair used after Jan 8, 1915 It is very comfort- 
able for the average subject, and even some of those who were not 
orthopneic preferred it to the bed 

In recording the movements of the spirometer at the close of each 
hour we have used a pen (Fig 4) which enables us to dispense with 
smoked paper A glass tube a little more than 2 5 cm long and 9 mm 
in diameter is sealed at one end The other end is closed by means of 
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cork and sealing -wax, thiough which passes a fine capillaiy tube bent 
at a right angle The capillary passes nearly to the bottom of the tube 
The tube is filled with ink, containing a little glycerin This simple 
apparatus seems to work even better than the expensive article of com- 
merce which has a platinum tube 

When the calorimeter was planned it was built high enough at one 
end to allow a man to sit upright This vas essential if orthopneic, 
cardiac or nephritic patients v ere to be studied It soon became e\ ident 



Fig 2 — New calorimeter bed 

that normal subjects should be studied while lying flat and also while 
sitting with a back rest to serve as contiols The form and accuracy 
of the Sage calorimeter seemed to lend itself particular!) well to this 
investigation, which requires a greater delicacy of technic than has 
previously been available 



Katzenstein” in 1891 found that the metabolism of his subjects was 
higher when standing than when lying and that the increase was com- 
paratively slight if the man were standing in a comfortable relaxed 
position Winternitz and PospischiF found the carbon dioxid output 

2 Katzenstein, G Ueber die Einwirkung der Muskeltatigkeit auf den 
Stoffwechsel der Mensclien, Arch f d ges Physiol , 1891, xlix, 330 

3 Winternitz and Pospischil Ueber den respiratonschen Stolfwechsel unter 
thermischen und Mechanischen Einflussen, B1 f klin Hydrotherapie, 1893, 
3, 7, 30, 49, 62 
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lowest while lying, higher while sitting and still higher while standing 
Some of their quotients are so low as to suggest doubts as to the technic 
Johansson^ determined the carbon dioxid production with scrupulous 
care to avoid the disturbing influences of muscular movement He 
found that the output was about 6 per cent higher while sitting than 
while lying, but he gives no details as to the exact postures used 
Widlund® found no apparent rise in metabolism when the man stood 
if the muscular relaxation were complete Benedict and Carpenter® 
have compared the metabolism of their subjects in two different calo- 
rimeters Their bed calorimeter is smaller than the Sage instrument 
and the subjects he flat during the experiments, are very quiet and 
often go to sleep Their chair calorimeter contains a comfortable arm- 
chair, tilted slightly backwards but without a head rest In this cham- 
ber the subjects are not absolutely quiet, but are allowed to read The 


F— 



Fig 4 — Capillary writing pen A, glass reservoir for ink, F, opening for 
filling, C, cork, W, sealing-wax, B, capillary glass tube 


matter is critically treated by Benedict and Joslin,’’ who conclude that 
the increase in metabolism of a subject while sitting in a chair and 
awake over that when lying asleep varies from 20 to 30 per cent The 
question was further studied by Emmes and Riche® in the same labora- 


4 Johansson, J E * Ueber den Tageschwankungen des Stoffwechsels und 
der Korpertemperatur im nuchternen Zustand und vollstandlichen Muskelruhe, 
Skand Arch f Physiol , 1898, viii, 85 

5 Widlund, K E Untersuchung des Verhaltnisses zwischen CO 2 Pro- 
duktion in Ruhelage und im stehenden Stellung, Skand Arch f Physiol, 1905, 
xvii, 290 

6 Benedict and Carpenter Metabolism and Energy Transformation of 
Healthy Man During Rest, Carnegie Institution of Washington, Pub 126, 1911, 
p 242 

7 Benedict and Joslin Metabolism in Diabetes Mellitus, Carnegie Institution 
of Washington, Pub 136, 1910, p 175 

8 Emmes, L E , and Riche, J A The Respiratory Exchange as Affected 
by Body Position, Am Jour Physiol , 1911, xxvii, 406 
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lory, using the Benedict Universal Respiration Apparatus to which 
the subjects were attached by means of nose pieces They found the 
oxygen consumption averaged 7 6 per cent higher when they were 
sitting upright in a chair with the head supported than \\hen lying fla^ 
This they considered due primarily to the difierence in the internal 
muscular activity necessitated by the sustaining of bod}' parts They 
call attention to the fact that the pulse rate is 5 to 10 per cent higher 
when sitting Higgins,'' also of the Nutrition Laboratory, studied the 
effect of posture on the tension of carbon dioxid m the ah cob, and 
found it highest uith the subject lying on his back or side, lower in 
the Trendelenburg and semirechnmg position, still lower while sitting 
erect and lowest while standing 

DESCRIPTION or SUBJECTS OE EXPERIMENTS 

John L, 44 jears old, 174 7 cm tall, normal control, history given in 
Paper 4’° March 26, 1914, he lay flat on the canvas hed \pril 3 he sat 
propped up in bed at an angle of about SO degrees, leaning against a firm 
hack rest, padded with pillows, which supported his head 

Albert G, 24 years old, 162 2 cm tall, normal control He is a laborer, born 
in Italy He remembers no illnesses except a slight skin eruption fourteen years 
ago His health is good but he has been out of work for some time He is 
short, stocky, fairlj muscular, with little fat Heart and lungs normal 
Admitted to the metabolism ward Dec 14, 1914, discharged Jan 14, 1915 From 
January 4 to 14 he had a very mild sore throat, with slight afternoon fever 
January 13 at 10 a m , he was given subcutaneously a dose of New York City 
Board of Health typhoid vaccine consisting of one-half billion dead bacilli 
There was a slight normal reaction with moderate swelling at the site of 
injection 

The young Italian was rather neurotic, and after a couple of weeks of 
enforced idleness in the ward began to develop imaginary pains He left the 
hospital in high dudgeon, but when his wages were spent in the course of the 
next two weeks he returned asking for his job as normal control 

December 21, lying flat in bed, he was unusually quiet, sleeping twenty-four 
minutes in the first hour and about six minutes in the second Two days later, 
propped up at an angle of about 45 degrees with the back rest, he was not 
so quiet The third period had to be discarded from the calculations because 
he slid down in the bed until the body was at about half its original angle 
December 28 he was in the calorimeter for two periods, each one and one-half 
hours long He was lying flat and very quiet, dozing most of the time Decem- 
ber 30 an experiment was made after the ingestion of 79 gm of olive oil 
January 4 and 6 tests were made after 115 gm commercial glucose On the 
eighth a three hour basal determination was made He slept fifty-five minutes 
in th first hour and was somewhat restless in the other hours The next day 
he was in the calorimeter, sitting in the steamer chair which had just been 
finished In the first hour he was somewhat restless, in the second hour quiet 
Unfortunately the urine specimen was lost on this day 

R H S , man, 21 Va years old, chemist, normal control Except for measles, 
scarlet fever and a broken arm in childhood he has never been sick in bed He 


9 Higgins, H j L The Influence of Food, Posture and Other Factors on 
the Alveolar Carbon Dioxid Tension in Man, Am Jour Physiol , 1914, xxxiv, 114 
10 Gephart and DuBois Clinical Calorimetry, Paper 4, Thf Archives Int 
Med , 1915, xv, 835 
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Gm 
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1 
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2 
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S 
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0 454 

Cl SG 

77 28 

i 

2 

1 10 

23 93 

21 43 

0 81 

38 20 

0 471 

71 40 

76 66 

Theodore S 

Prelim 

11 15 








1/30/14 

09 44 Rp 

1 

12 15 

21 GO 

18 70 

084 

30 00 

0 387 

02 97 

7311 


2 

1 15 

22 SO 

2018 

0 82 

37 75 

0 387 

07 48 

73 83 

Theodore S 

Prelim 

11 40 








2/5/14 

00 28 Kp 

1 

1 10 

31 03 

31 59 

080 

50 01 

0 738 

10510 

118 03 


2 

2 10 

22 82 

( 20 53 

1 0 81 

32 00 

0 533 

03 47 

72 40 

Theodore S 

Prelim 

11 50 








2/9/14 

0115 Rg 

1 

12 no 

21 11 

18 41 

083 

21 14 

0 394 

0100 

50 93 


2 

1 50 

22 34 

1011 

0 85 

22 57 

0 394 

04 30 

00 83 

Theodore S 

Prelim 

11 10 








2/13/14 

0199 Kg 

1 

12 10 

24 54 

20 49 

0 87 

20 73 

0 391 

09 38 

70 40 


2 

1 10 

24 35 

21 15 

0 84 

33 09 

0 301 

7102 

75 79 
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Kg 
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37 00 









In steamer chair 

67 20 

36 83 

62 

10 

083 

16 

49 

36 

104 

33 60 

Almost motion- 










1 1 

less 

78 30 

36 86 

57 

60 

0 86 

18 

39 

43 

0 92 

29 91 

Almost motion- 











less 

145 50 












36 99 






1 

1 1 



Basal, fiat in bed 

69 89 

36 98 

57 

10 0 

0 79 

20 

57 

23 

0 95 

1 32 40 1 

Very quiet 

75 52 

37 01 

57 

70 

0 78 

19 

63 

18 

0 98 

33 32 

Very quiet 

145 41 









i 

1 



36 92 






1 


1 

In steamer chair 

67 38 

86 76 

57 

90 

0 83 

23 

45 

33 

0 92 

32 12 

Quiet 

78 32 

36 83 

55 

12 0 

0 83 

23 

45 

33 

0 93 

32 47 

Quiet 

145 70 












36 96 
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Cardiac patient. 











fiat in bed 

62 29 

36 77 

62 

20 0 

0 93 

15 

20 

1 

65 1 

110 

35 47 

Restless 

69 48 

36 71 

60 

no 

0 85 

1 

14 

68 

18 

110 

35 82^ 

Pairly quiet 

70 55 

36 66 

62 

10 0 

0 81 

14 

62 

24 

116 

37 61 

Quiet 

202 32 



1 



1 

1 






1 
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1 

! 



In steamer chair 

66 72 

36 76 

66 

10 0 

0 85 

15 

44 

42 

113 

36 86 

Quiet 

72 33 

36 71 

66 

no 

0 82 

14 

63 

33 

118 

88 01 

Quiet 

73 06 

36 62 


210 

0 78 

1 

14 

65 

22 

121 1 

1 

3919 ' 

1 

Pairly quiet 

21211 












37 14 
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flat on back 

89 92 

36 94 

49 

210 

084 

18 

46 

36 

114 1 

1 

3614 I 

1 

Restless 

71 30 

36 93 

50 

23 0 

0 82 

17 

52 

31 

120 

38 03 

Restless 


3710 
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Propped up in 











bed at angle of 

70 46 

37 05 

53 

1 9 

0 85 

16 

44 

40 

106 

33 58 

about 30 deg 

75 61 

37 13 

52 

09 

0 83 

15 

51 

34 

114 

35 99 
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Plat on back, 











quiet both pen 

86 70 

36 87 

50 

10 0 

0 80 

14 

60 

26 

116 

37 09 
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hand at 12 43 

72 40 

36 94 

47 

06 

081 

14 

56 

30 

114 

36 26 

Periods l^Hrs 
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&4 71 

36 83 

49 

67 

084 

17 

45 

38 

101 

32 28 

bed at angle of 
50 deg Quiet 

67 15 

36 86 

46 

37 

086 

16 

40 

44 

105 

33 67 

both periods 


37 01 









Plat on back 

66 94 

36 95 

54 

35 

088 

15 

34 

51 

112 

35 99 

Quiet 

75 32 

36 95 

55 

5 5 

084 

15 

45 

40 

115 

36 84 

Quiet 















882 


THE ARCHIVES OF INTERN 4L MEDICINE 


IS accustomed to take moderate exercise and his general licalth is fair This 
last year he has been doing much night work, has taken no exercise, and has 
lost about 5 pounds m w'eight He is \er\ tall, 184 2 cm and ^erJ thin, but 
not emaciated His measurements and surface area are gnen in detail in 
Paper 9 of this series His heart and lungs, etc , arc normal 

April 19, 1915, he w'as in the calorimeter flat in bed for two hours to deter- 
mine the basal metabolism, and two dajs later was in the steamer chair for a 
similar period On both days he was awake but almost motionless 

E F D B, man, 33 jears old, a normal control, whose history is gnen in 
Paper 4’° of this senes May 6, 1915, he was in the calorimeter flat in bed 
Except for a small cup of black coffee without sugar, he had taken no food since 
7 30 p m Ihc steamer chair experiment, owing to a sudden change in plant, 
had to be made the next daj Unfortunatch the subject had eaten a Welsh 
rarebit at 11 p m, so it is possible that there was a slight specific djnamic 
action increasing the metabolism He was quiet in both experiments 

CARDIAC PATirXTS 

Theodore S, 32 jears old, coachman, born in Sweden Admitted Jan 17, 
1914, discharged Februarj 22 Diagnosis, mitral stenosis, cardiac Inpcrtroplu 
and dilatation auricular fibrillation 

Htsioty — Pneumonia when 6 jears old, no rheumatism Four or fne jears 
prior to admission the patient began to ha^c shortness of breath on exertion 
Three years prcMous to admission this compelled him to look for an ca‘:\ job, 
but he was able to carry trunks upstairs until eight months prior to admis- 
sion For the previous two weeks the djspne.i had confined him to bed 

Physical Examinaiion — Of medium build, 169 cm tall, well nourished and 
fairly muscular He is shghth djspncic, the lips are a deep red color, with a 
slight puiphsh tint He has an occasional cough Ihe apex is m the fifth 
costal interspace 12 cm from the midlinc, the left limit of dulness 14 5 cm 
from midlinc, the right limit in the fourth space 4 cm from midsternum Tlie 
action IS slow and verj irregular in force and frequenej Phlebograms show 
auricular fibrillation At the apex is heard the presastohe murmur to which 
Mackenzie and Lewas base recently called attention Tlic first sound is sharp 
and short, the second sound faint, followed immediately by a loud, rough 
rumbling murmur wdiich diminishes during diastole, lasting through the short 
diastoles but follow'ed by a period of silence in the long pauses The pulse 
IS small, the arteries palpable Tliere are a few’ subcrepitant r.Mcs at the 
bases of the lungs The W''assermann reaction is negatne By January 26 
all dyspnea had disappeared and there was not the slightest trace of orthopnea 
He W’as able to sit m a chair without fatigue There was no edema 

Expci iments — ^Januarj 28, basal experiment flat in bed The patient was 
anxious to cooperate but he w'as of timid nature and during this first obser\a- 
tion was a little anxious His skin w’as cold and clammy at the start and he 
sweated profusely w'hile m the calorimeter January 30 he w’as propped up on 
the calorimeter bed at an angle of about 30 degrees He w’as quieter than 
before February 5 he was in the calorimeter flat in bed Just as the first 
period was being ended he had a slight pain in his hand which caused him to 
sw’cat This suddenly expanded the air m the box and raised the w’ork adder 
5 cm The first period was prolonged one-half hour, by w’hich time things, had 
come into equilibrium February 9 he w’as propped up W’lth the back rest at 
an angle of about 50 degrees and made very comfortable with pillows at his back 
and under his knees February 13 a third experiment w’lth the patient flat m 
bed was made He was comfortable and quiet but apparently began to sw’eat 
a little when signalled to he quiet at the end of each period 

February 16 the systolic blood pressure w’as 145 mm lying dow’n and 142 mm 
when sitting up at an angle of about 45 degrees February 22 he w’as dis- 
charged in good condition and was able to walk up two flights of stairs slowly 
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without dyspnea March 4 he was readmitted with a sharp attack of broncho- 
pneumonia from which he recovered, leaving the hospital on I the 27th of that 
month 

William A , 24 years old, laborer Admitted to the hospital Dec 28, 1914, 
discharged Jan 30, 1915 Diagnosis, aortic insufficiency, cardiac hypertrophy and 
dilatation History Has had measles, pneumonia, rheumatism and urethritis 
and has had frequent attacks of tonsillitis December 25 he had a sudden sharp 
pain in the side The following night he was very orthopneic and had a great 
deal of palpitation He complains also of weakness and cough 


TABLE 3 — Summary of Calorimeter Experiments on Body Posture 



Age, 

Yeais 

Weight. 

Kg 

Average 

Pulse 

• 

Average Calories 
per Hour 


Subjects 

B Q 

Indirect 

Calo 

rimetry 

Direct 

1 Calonme 
try 

Posture 

Normals 

John L 

3/2G/14 

44 

70 94 

68 

0 78 

65 20 

6110 

Lying* 

4/ 3/14 


70 90 

61 

0 80 

61 14 

58 89 

Sitting up 

Albert 6 
12/21/14 

24 

66 03 

64 

0 86 

70 37 

7168 

Lying 

12/23/14 


63 03 

54 

0 85 

71 16 

64 37 

Sitting up 

12/28/14 


65 35 

53 

1 

0 88 

98 30 

106 80 

Lying 

1/ 8/15 


66 33 

66 

0 84 

70 25 

69 82 

Lying 

1/ 9/15 

1 

65 85 

61 

0 88 

69 10 

70 28 

Sitting up 

R H S 
4/19/15 

21 

64 86 

60 

0 84 

68 40 

72 03 

Lying 

4/21/15 


63 35 

69 

0 84 

62 16 

72 75 

bitting up 

E F D B 

6/ 6/15 

33 

74 64 

67 

0 79 

71 77 

72 71 

Lying 

5/ 7/16 


74 20 

66 

0 82 

68 59 

72 85 

Sitting up 

Cardiacs 
William A 
1/21/15 

24 

63 44 

61 

0 85 

7101 

67 44 

Lying 

1/27/15 


63 00 

66 

0 81 

73 78 

70 70 

Sitting up 

Theodore S 
1/28/14 

32 

69 52 

60 

6 82 

69 63 

80 26 

Lying 

1/30/14 


69 44 

53 

0 83 

65 23 

73 04 

Sitting up 

2/ 5/14 


60 28 

49 

0 80 

86 79 

76 01 

Lying 

2/ 9/14 


61 15 

48 

0 84 

62 98 

65 93 

Sitting up 

2/13/14 


61 99 

65 

0 85 

70 20 

71 IS 

Lying 


* Basal— flat m bed 


Physical Exauituahou — Tall (180 cm), well developed and well nourished 
dyspneic and orthopneic, color pale ’ 

Tonsils swollen and congested Apex impulse diffuse, left border 13 cm 
right border 4 cm from midhne There is a waterfall diminuendo diastolic 
murmur and a presj^stolic roughness considered to be a Flint murmur The 
pulse IS Corrigan in type 

The temperature, which has been slightly elevated, dropped to normal and 
the dyspnea and orthopnea disappeared A blowing systolic murmur became 
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audible m the aortie region By January 26 he was able to sit all da> in a eliair 
without fatigue 

January 25 he ^\as in the calorimeter flat on his back for three hours, and 
two days later ^\as in the steamer chair for a similar period 

METHODS or r\PIUlMl\TS 

The calorimeter and the experimental procedure ha\c been described in 
Papers 1 to 4 of this series All the experiments ^\erc made in the morning 
without food, except in a few instances when a small cup of black coffee with- 
out sugar was used When the subjects were flit m bed the\ were allowed a 
pillow' under the head, and if thej desired it one under the knees 

DISCbSSION or Kl'SULlS 

Each experiment m the sitting posture is controlled b> one oi moic 
observations on the same individual lying flat in bed. and wc might 
tbeiefore compaic the aaerage calorics per hour produced under the 


TABLE 4 — Summary oi Risults 


Xamc 

Atcrige Pulse 

Atcraro Metabolism, 

Cal per Sq tl 
per Hour, Mech 

Per Cent 
DllTcrciicc In 
Senilrecllnini, 


Ltlng 

Serairccllnlng 

lijinr 

Scmlrccllnlng 

^o^nnl Controls 

John L 

5S 

Cl 

1 

23 

—Cl 

Albert G 

W 

OS 

•St CD 

31 71 

4-1 2* 

R H S 

00 

O'! 

3100 

31 73 

— s 2 

n r D B 

07 

'iC 

■n SC 

»• 1 or) 

—1 7 

Cardiac Cases 
Theodore S 

01 

'il 

3C 73 

33 S') 

—7 7 

William K 

Cl 

00 

30 37 

t Si^ 

4-4 4 

Average 





—SO 


* Omitting experiment of December 2S, iieernges nre metabolism, hing equals 33 01, per 
cent dilTcrcncc equals —1 0 


tw'O conditions The standaid pioceduic in this laboratory, bowcaer, 
has been to compare the results in terms of calories per square meter 
of surface area per hour This latter method will be adhered to, since 
these experiments will be discussed from other points of view in the 
following papers It makes little difterence wdnch method is used, as 
the surface area scarcely changed at all behveen experiments 

The results are summarized in Tables 3 and 4 It null be seen that 
the metabolism averaged 3 per cent lower in the semireclimng than in 
the lying postuie Of the four normal subjects, three showed this 
lower metabolism very clearly In one, Albert G , the average figui e 
for the flat experiments is 1 2 per cent loivei, but if the abnormally 
low result in the experiment of December 28, when he dozed, be 
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excluded, the balance will be 1 0 per cent on the other side of the line 
It IS unfortunate that it was not possible to have more cardiac patients 
in the series The mitral case repeatedly showed a lower metabolism 
when propped up m bed , the aortic patient showed the opposite Taken 
as a whole, the differences are so small that we may use the same figure 
for the average normal metabolism in both postures, and we need 
hardly change our normal base line when we discuss the experiments 
on patients who were so orthopneic that they had to use the steamer 
chair while in the calorimeter 

These results were somewhat surprising as the general opinion in the 
laboratory was that the heat production would be 5 to 10 per cent 
higher in the steamer chair It must be remembered that previous 
investigators have used chairs m which the subjects sat upright or 
nearly upright, m some cases the head being unsupported All the 
experimenters agreed that there was some muscular effort needed to 
maintain the posture and they ascribed to this the increase in heat 
production In the orthopneic posture either with back rest or steamer 
chair as used in these calorimeter experiments, there was complete sup- 
port of the body and head No more muscular tension was needed than 
when the subjects were lying flat and the pillows were so arranged that 
the men could fall asleep without change m posture It is quite possi- 
ble that the diminished pressure on the diaphragm lessened the work of 
breathing enough to account for the lower metabolism 

On steamers, in clubs, and in those parts of our country where lazi- 
ness IS a science, men assume a semireclmmg posture with the head, 
back and feet supported on any convenient object Patients who are 
very dyspneic are obliged to sit up and they can sleep only in the semi- 
rechning posture The slight diminution in energy requirement may 
be a factor in leading them to assume the orthopneic posture, but with 
many cardiac and nephritic patients this economy is more than offset 
by increased muscular activity 

SUMMARY AND CONCLUSIONS 

The Sage calorimeter in the season of 1914-1915 was fully as 
accurate as in the previous years Alcohol checks gave the following 
total errors heat -[-0 51 per cent , oxygen — 0 51 per cent , carbon 
dioxid — 0 36 per cent , water -f- 3 13 per cent The respiratory quo- 
tient averaged 0 666 while the theoretical quotient v/as 0 6667 

Four normal men and two cardiac patients were studied in the 
calorimeter lying flat in bed and in the semirechmng position propped 
up with a back rest, or else in a comfortable steamer chair A total, of 
twenty-one experiments showed that the metabolism averaged 3 per 
cent lower in the semirechmng posture One of the cardiacs, and pos- 
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sibl) one of the normal controls, showed a slightly Ingher metaholism 
when propped up in hed 

The difference hetueen the results is so small that in the stud} of 
pathologic cases ^^e can use the same figures for the a^erage normal 
metaholisni in both postuies In tlie majority of cases, ho\\e\er, the 
eneigy requirement is lower in the orthopncic position 

477 First Avenue 



CLINICAL CALORIMETRY 


TWELFTH PAPER 

THE METABOLISM OF BOYS 12 AND 13 YEARS OLD 
COMPARED WITH THE METABOLISM AT 
OTHER AGES + 

EUGENE F Du BOIS, MD 

NEW YORK 

In the period of development of boys, the years immediately pre- 
ceding puberty are of especial interest By this time the figure has lost 
most of its childish characteristics and the mind has reached a point 
of great intelligence Although the individual has scarcely passed the 
half-way mark in the years of growth, and has only attained half his 
future weight, yet he resembles the adult much more than he resembles 
the infant At this stage the sex glands have not yet begun the rapid 
development of puberty with its profound effect on the whole organism 
Curiously enough there is a sudden increase in the rale of growth which 
takes place at this time In fact, we may consider boys in the period 
of prepubescence as individuals of adult form but of small size, grow- 
ing rapidly, and as yet scarcely influenced by the internal secretions of 
the sex glands The study of their respiratory exchanges may throw 
light on many problems 

Recent developments m the science of metabolism have emphasized 
the necessity of using, for purposes of comparison, only those experi- 
ments in which the subjects were absolutely quiet Since the assimila- 
tion of food increases the metabolism during four or five hours follow- 
ing a small meal, and five to ten hours after a large one, it is important 
to use only experiments in which this specific dynamic action is either 
slight or absent The necessity for absolute quiet has long been recog- 
nized by Johansson and the Zuntz school, but has only been fully 
appreciated elsewhere for the last five years or so The observations 
of Rubner^ and Sonden and Tigerstedt^ were made before this was 
understood, and the children were studied in large respiration chambers 
where they sat fairly quiet in chairs, eating from time to time, or else, 
as in the case of Rubner's boys, moving about the room at will This 

* Submitted for publication Feb 4, 1916 

* From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital 

1 Rubner Beitrage zur Ernahrung im Knabenalter, Berlin, 1902 

2 Sonden and Tigerstedt* Untersuchungen uber die Respiration und den 
Gesamtstoffwechsel des Menschen, Skand Arch f Physiol, 1895, vi, 1 
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amount of activity might incieasc the metabolism anywliere from 
10 to 30 per cent abo\e the resting \alue, and it is obMOUs that the 
results can be compared only with those obtained on other individuals 
who have shown exactly the same amount of muscular movement It 
IS for this reason that, -while the caicful ^\olk of the above mentioned 
observers is of gieat ^alue in showing the changes during the different 
ages foi a given amount of actuity, it cannot be used in comparison 
wuth the experiments in which tlic subjects are quiet 

The classical study of j\Iagnus-Lc\y and Falk'’ established the fact 
that the metabolism is high during childhood and low after the onset 
of old age These obser\ers studied twcnt\-fi\c children, twehe old 
men and w^omen and twcnt}-fi\c of intermediate ages The> used the 
Zuntz-Geppert apparatus, making several short experiments on each 
subject in the morning before breakfast, the indu idiial 1} ing at complete 
rest on a couch It so happened that they included no bo)S between 
the ages of 11 and 14 in their list 

The metabolism duiiiig infancy has been well studied b) Flow land, ^ 
Schlossmann and Murschhauscr,’'* Benedict and Talbot,'’ !Murhn and 
Hooblei," Bailey and Murlin® and others,'' all of these obsen^ers paying 
especial attention to the question of muscular actuity On account of 
the difficulty of keeping infants quiet, Benedict and Talbot, and Flurlin, 
Floobler and Bailey w'ere obliged to feed most of their subjects shortly 
before the experiment was staited It is quite possible that a lowering 
of metabolism during sleep may have counterbalanced the slight 
increase due to the milk ingestion 

All of the aboAC investigators ha\e thrown new light on the subject 
It w’^ould too greatly extend the bounds of this article to discuss in 
detail the several excellencies contained in their work Of special inter- 
est is the fact that the metabolism of babies in the first month of life is 

3 Magnus-Levy and Falk Der Lungcngaswcchscl dcs Mcnschcn m ^erscllle- 
denen Alterstufen, Arch f Anat u Physiol , 1899, Suppl 315 

4 Hoivland Der Chcmismus iind Encrgicumsatr bci schlafcndcn Kindcrn, 
Ztschr f physiol Chem , 1911, Kxiv, 1 

5 Schlossman and Murschauser For references see note 6 

6 Benedict and Talbot The Gaseous Metabolism of Infants, Carnegie 
Institution of Washington, Pub 201, 1914, Studies in the Respiratory Exchange 
of Infants, Am Jour Dis Child , 1914, viii, 1 

7 Murlin and Hoobler The Energy Metabolism of Ten Hospital Children, 
Am Joor Dis Child , 1915, ix, 81 

8 Bailey and Murhn The Energy Requirement of the New-Born, Am 
Jour Obst , 1915, Ixxi, 1 

■''Just as this article is going to press Dr Benedict has kindly called atten- 
tion to the following reference Ohn Carbon Dioxid Production in Boys of 
from 10 to 18 Years of Age, Finska Laksallsk Handl Helsingfors, 1915, 
Ivii, 1434 
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very low This was apparently first discovered by Hasselbacli,® and 
later independently by Murlin/ who first brought it to general attention 
The same point was shown in Table 7 of Paper 4 of this series 

The metabolism of normal adults has been thoroughly studied in the 
last few years Benedict, Emmes, Roth and Smith^° have collected 157 
subjects, some of them as young as 15 years, using chiefly the Benedict 
universal respiration apparatus Palmer, Means and Gamble, with 
the same instrument, have collected a considerable number of normal 
records and Means^^ has recently calculated his results according to 
measurements taken by the new surface area formula described m 
Paper 5^® of this series We have also at our command the normal 
controls of Paper 4^^ and those of Papers 11 and 13, studied in the Sage 
calorimeter 

All of the above mentioned work on adults was done with very 
quiet subjects twelve or more hours after the last meal, and the technic 
of the observers was almost exactly the same The results of these 
experiments have been charted m the accompanying curves, together 
with the work of Magnus-Levy and Falk, of Howland, Benedict and 
Talbot, Murlin and Hoobler, and Bailey and Murlin for comparison 
with the new results obtained on the boys 12 and 13 years old Many 
other careful workers have studied the normal metabolism, but it has 
seemed best to use only the above mentioned investigations 

METHOD OF EXPERIMENTS 

The Sage calorimeter and the methods employed in this research 
have been fully described in the previous papers of the series entitled 
Clinical Calorimetry The surface area of the boys was determined 
according to the so-called “Linear Formula’' described m Papers 5, 9 
and 10 The calories derived from protein were calculated from speci- 

9 Hasselbach Respirations — For sjjJg Paa Nyf^dte Djzfrn, Bibliot f Lseger, 
1904, 8 de R^kke 5th Bind, 219 

10 Benedict, Emmes, Roth and Smith The Basal, Gaseous Metabolism of 
Normal Men and Women, Jour Biol Chem , 1914, xviii, 139 Benedict and 
Roth The Metabolism of Vegetarians as Compared with the Metabolism of 
Non-Vegetarians of Like Weight and Height, Ibid, 1915, xx, 231 Benedict and 
Smith The Metabolism of Athletes as Compared with Normal Individuals of 
Similar Height and Weight, Ibid, p 243 Benedict and Emmes A Comparison 
of the Basal Metabolism of Normal Men and Women, Ibid, p 253 Benedict 
Factors Affecting Basal Metabolism, Ibid, p 263 

11 Palmer, Means and Gamble Basal Metabolism and Creatmin Elimina- 
tion, Jour Biol Chem , 1914, xix, 239 

12 Means Basal Metabolism and Body Surface, Jour Biol Chem 1915 
XXI, 263 

13 Clinical Calorimetry, Paper 5, The Akchives Int Med , 1915, xv 868, 870 

14 Clinical Calorimetry, Paper 4, The Archives Int Med , 1915, xv, 835 

15 Papers 1 to 8, The Archives Int Med, 1915, xv, 793-945, Papers 9 to 
17, Ibid , 1916, xvii, 855-1059 
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mens voided between the hours of 9 a m and 1 15 p m Twenty-four* 
hour specimens could not he secured 

The subjects of the experiments here discussed were all healthy, 
normal hoys between their twelfth and fourteenth birthdays Tuo of 
them, F R S and J D D B , vere related to members of the calorim- 
eter staff, the others vcrc Boy Scouts from one of the suburbs A 
month or so before the research had been planned the ^\ ritcr had gn en 
the required physical examination to a group of sixteen Bo} Scouts 
The scout master selected as subjects for the experiments the fi\c who 
most needed to cam money for uniforms Harry B was chosen because 
he was a patrol leader and able to manage the othci bo}s All the eight 
boys lived in the suburbs except J D D B , who was home on a Aaea- 
tion from boarding school They were all bright mentally and actne 
physically, apparentl} being in constant motion when not studjing or 
sleeping The urine was examined in all cases and found to be normal 
In order to accustom the boys to the apparatus, the} w ere brought 
to the calorimeter room a week or so before the experiment, scaled 
in the apparatus for a short time and trained in the simple routine 
This W'as omitted in the case of F R S, who had helped his father 
build parts of the niacliinc and was thoroughly familiar with the work 
All of the boys considered the ad\ciiturc as a lark and not one was 
apprehensive A small breakfast, consisting ot an egg, a slice of toast 
and a glass of milk, w’as allow'cd them at 7 o’clock, because it seemed 
probable that boys of this age would be ravenous and irritable if sent 
tn from the country in a fasting condition 

The problem of keeping the youngsters quiet for three hours was 
hard to solve It seemed best to allow' them to read for one of the 
hours 111 a small book w'lth large print This proicd satisfactory, the 
W'ork involved in holding the book and turning the pages was lery 
small During the rest of the time the boys w'crc bored F R S and 
J D D B remained quiet for tw'o hours, but the former w'as so 
restless in the third peiiod that experiments of this length were not 
attempted again For the six Boy Scouts another expedient was tried 
All the boys were anxious to earn pocket money and all w'ere liberally 
paid for the experiments A system of fines w'as instituted and the 
boys W'ere told that one cent would be w'lthheld for each centimeter that 
the w'ork-adder tallied above 15 per hour This figure was arbitrarily 
selected since it represents the average activity of a quiet subject w'ho 
turns over once or twice an hour and shifts his position a few times to 
make himself comfortable The boys took good care not to approach 
the danger mark After the fine system was started the 15 centimeter 
mark was exceeded in only one period, and the lads as a group were 
the quietest of subjects 
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Tlic question may be raised as to whether oi not the breakfast 
taken by the subjects lietwecn 7 and 7 30 a in increased the metabo- 
lism between the hoins of 11 and 1 o’clock The standard meal allowed 
consisted of 1 egg, 1 glass of milk and 1 slice of toast with 
butter They were showm standard portions of these and copied them 
as closely as possible, except Arthur A , w'ho took nothing but 1 egg 
The meal contained approximately 17 gin of protein, 22 of fat and 
30 of carbohydi ate, with about enough calorics to maintain a bo) 
53/2 hours, if we allow' an increase of 20 per cent o\cr the basal metab- 
olism, to cover the journey to the hospital J D D B , who took 
his breakfast half an hour later than the others, had the lowest metab- 
olism and Arthur A, who took the smallest breakfast, had almost 
the highest heat production Mr H L Pliggins of the Nutrition 
Laboratory m Boston, kindly made a senes of obscriations on a young 
man w'ho took this same breakfast and found that the metabolism 
returned to its fasting lc\cl 3Vi hours after the meal It ma} perhaps 
be said that the metabolism was increased by tbc ride of fift} minutes 
in the train, ten minutes in the street cars and the w'alk of fi\c minutes 
The boys all reached the hospital by ten minutes past 9, sat in a chair 
for three fouiths of an hour, undicsscd and la) on the bed within the 
calorimeter at about 10 o’clock, the experiment beginning at 11, or 
three and one half to four hours after breakfast It will be noted 
that there w'as no significant drop in pulse rate or metabolism in the 
second periods It is exceedingly doubtful if the combined increase 
due to the previous exercise, the specific dynamic action of food and the 
quiet leading amounted to 5 per cent above the fasting le^el at 
absolute rest , 

DESCRIPTION or SUBJECTS 

F R S , 12 years and 10 montlis old He has been perfectly -well except for 
one attack of abdominal pain in 1911, diagnosed as appendicitis 

Physical Exaimmtion — Short, muscular and unusually well built, no signs 
of approaching pubertj , disposition very active 

This boy was the son of the laboratory technician, who built and still operates 
the calorimeter, and he was thoroughly at home in his surroundings, haMiig 
in fact helped to make the bed on which he lay He was the only boy placed 
in the calorimeter for an experiment without previously staying for a short 
period in the apparatus On the morning of the observation he took the 
standard breakfast at 6 40 a m Wliile in the calorimeter he read quietly for 
the first hour In the second hour he tried to sleep and w'as somewhat rest- 
less for part of the time In the third hour he read for five minutes, and 
during the remainder of the time was so restless that this period has been 
excluded from the averages 

J D D B, age^ 12 years, 2 months In 1911 he had measles, about six 
months prior to the experiment he suffered from a number of furuncles in the 
outer ear, and two weeks before the experiment had a cold in the head which 
lasted four days 

Physical Examination — ^Very tall for his age, complexion dark, bones long 
and not heav 3 % very little subcutaneous fat, muscles sinew}', temperament rather 
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high-strung but under good control, genitalia just beginning to develop, there 
were a few pubic hairs, voice not yet affected 

On the morning of the experiment he took the standard breakfast at 
7 45 a m , and came to the hospital in the street cars, being the only boy who 
lived m the city In the first hour he was almost motionless and slept for a 
short time, and in the second period he read quietly in a small book 

Raymond M , aged 12 years, 7 months He remembers that he had whoop- 
ing cough as a baby and that he had measles two years previous to the experi- 
ment He IS short, stocky and muscular, but the thorax is rather narrow with 
a prominent sternum His complexion is light and his disposition quiet His 
physical examination is normal except that the right tonsil is moderately enlarged 
He shows no signs of approaching puberty 

On the morning of the experiment he took the standard breakfast at 
7 30 a m During the first period he read very quietly and in the second 
period tried to sleep 

Reginald F , aged 12 years, 8 months He remembers no illnesses except 
measles , he is tall, slim, of graceful build , his hair is brown , the pubic hair 
is just making its appearance and his voice suggests slight change, both 
mammary glands are palpable, measuring about 10 by 2 mm The left gland 
is slightly tender 

Standard breakfast at 7 15 a m In the first period he was very quiet, 
reading for twenty minutes In the second period he slept for twenty minutes 
but was restless during the remainder of the time 

Harry B , aged 13 years, 10 months Born in England , has been in this 
country eleven years , had measles in childhood and two weeks before the experi- 
ment was sick in bed a couple of days with stomachache The day before he 
noticed a slight infection of his finger which pained him until it discharged a 
little pus On the day of the experiment it did not hurt and he felt perfectly 
well 

Physical Examination — Of moderate height and stocky muscular build, with 
broad shoulders , complexion fair The left forefinger is red and slightly swollen 
near the nail, but there is no redness up the arm and no tenderness or swelling 
of the axillary nodes The genitalia are approaching the adult type m devel- 
opment and there is a scant growth of pubic hair, and the mammmary glands 
are just palpable The voice has not yet started to change 

He took the standard breakfast at 7 15 a m During the first hour he was 
awake but very quiet, and in the second hour he was also quiet, reading for 
thirty minutes 

Henry K , aged 13 years 11 months Does not remember any illnesses except 
measles He is tall, fairly muscular and well built except for the chest, which 
IS narrow, with a prominent sternum The upper jaw is narrow with high arch 
and prominent incisor teeth His complexion is fair, his disposition quiet The 
only sign of approaching puberty is a scant growth of pubic hair 

He ate the standard breakfast at 7 a m In the first hour of the experiment 
he was practically motionless and in the second hour was very quiet, reading 
for fifty minutes 

Arthur A , aged 13 years, 8 months Thinks he had measles and mumps 
when 3 or 4 years of age, three years prior to the experiment he broke his 
femur in a coasting accident There is now no shortening of the limb He is 
of slight, sinewy build with well formed chest, but gives the impression of being 
somewhat undernourished, complexion fair, disposition rather nervous, no 
signs of approaching puberty 

The evening before the experiment he was taken, with the other Boy Scouts, 
to an exhibition drill and in the excitement took no supper except one bun at 
5pm On the morning of the observation m the calorimeter he ate nothing 
but an egg at 7 a m He was very quiet both hours, reading forty minutes in 
the second period 
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Leslie B , brother of Harrj B , aged 12 jears, 3 months In clnldhood he 
had measles and chickenpox For the last few months he has had no appe- 
tite for breakfast and had sufTcred from stomaclnchcs He is of small frame, 
rather ihm and undernourished but his color is good and his muscles strong 
His complexion is fair and his disposition bashful and quiet His teeth are in 
poor condition and his tonsils arc enlarged In the abdomen se\cral masses 
of constipated feces are palpable The onh sign of approaching pubcrt\ is a 
scant growth of pubic hair 

On the morning of the experiment he took the standard breakfast at 7 a m 
In the first period he s\as quiet, reading for forU-fne minutes In the second 
period he a\as unusuallj quiet sleeping about three-quarters of the time He 
a\as perfect^ well until he came out of the calorimeter He then felt faint, but 
recovered quickh 

DISCUSSION or RLSbLlS 

The total heat production in the cj"ht cxpcrinicnts .is measured by 
the method of mdnect calorimetry was 985 93 calorics In the method 
of direct calorimctr\ 986 33 calones, a dilTcrcnce of 0 04 per cent 

A summary of the results obtained on the bo}S will be found in 
Table 2 It w ill be noted that the mct.abolism averatjed 32 per cent 
above the adult figure per unit of surface area according to Itleeh’s 
formula, or 25 per cent abo\c according to linear figure The true 
significance of these results can be appreciated onh if we consider 
the variations m the intensity of metabolism from birth to old age 
It is for this reason that the results on noiinal mdniduals hate been 
grouped m Charts 1 to 3 The first (Chart 1) represents the metabol- 
ism from birth to the age of 24 calculated per kilogjam of body 
ivcighf It \»ill be noted in general that the heat production of the 
infants shows wide taiiatioiis, but at a much higher let cl than that 
of the adults A uniform decrease in the metabolism becomes CMdcnt 
after the sixth \ear, becoming less marked aftei the twentieth jear In 
Paper 4 of this senes w'C haic mentioned the disadvantages of using 
the body weight as a basis of comparison of mdiMduals of different 
sizes Small animals show per kilogram a calorific production so much 
greater than that of large animals that it is almost a waste of time to 
compare children and adults b} using this standard For clinical pur- 
poses, how'^e\cr, the body weight is a coincnicnt guide 

Chart 2 show's the metabolism from biith to the age of 24 expressed 
in terms of calories per squaic meter of body surface as determined 
by Meeh’s formula Lines ha\e been drawn showing as nearly as 
possible the averages for males and females It will be seen that the 
metabolism is low' at birth, increases rapidly during the first year, 
reaches its maximum in the almost unexplored period between the 
ages of 1 and 6, falls quite rapidly until the age of 20, then very slow'Iy 
During infancy there is no apparent difference between the sexes, but 
after the age of 6 the girls and w'omen have a distinctly low'er 
metabolism 
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In Papers 4 and 5 we ha\e shown the reasons for prefeinng the cal- 
ories per unit of surface area as a guide for the intensity of the metab- 
olism, and have also shown the errors and limitations of Meeh’s for- 
mula which has been the standard for so many years The fact that tlie 
formula shows an average plus error of 16 per cent scarce!} aftects its 
value for purposes of comparison with subjects of usual build On the 
other hand, the tendency of this error to be much smaller in the case of 
thin subjects and larger in the case of fat ones, is of considerable 
importance Neu-boin infants are relatuel} thin, older children rela- 
tively xihubby until the age of 4 or 5, when the> grow taller and thinner 
until pubert}’^ Women tend to put on weight after 30 and men do so 
five or ten years later If, therefore, we try to correct the cur\e for 
these errors in Mech’s formula we find that the peak in carl) childhood 
wnll be accentuated and the rest of the cuivc flattened out 

Chart 3 gnes the results for males expressed in terms of calorics 
per square meter of bod} surface as determined by the new so-called 
“Linear Formula ’ It will be seen that the metabolism of the adults 
IS somewdiat more unifoim and that the bo}S a\eragc onh 25 per cent 
above the adult level instead of 32 per cent as m the prcMOUs chart 
This indicates a true increase of 25 per cent abo\e the heat production 
which a group of normal adults would show if they were the same size 
as the bo}s For purposes of comparison the metabolism ot the infants 
has been recorded in temis of Lissaucr’s Formula 

When w'e consider the question of the metabolism in the first } ear oi 
so of life we must remember that the infant differs great!} from the 
adult in the proportions of the body and the rclatuc sue of the ^arl0U5 
organs A baby feet tall w’ould be a short legged, long bodied 
monster with an enormous head FIc would ha^c a very large Incr 
and a comparatively large thyioid gland At birth the liver comprises 
4 5 per cent of the body weight and during adult life less than 3 per 
cent Since this is supposed to be a gland of high metabolic actn lt^ . 
one w^ould naturally expect an increased heat production in an organism 
wnth a relatn ely large liver Still more important in regulating metabo- 
lism is the thyroid gland, wdiich is considered to be three times as large 
in the new-born as in the adult, although recent measurements b} 
Paiski makes the figures somewdiat smaller Thyroid secretion has such 
a marked effect on development that it i& quite possible that the gland 
is relatively more active in childhood Some might even argue that the 
increased metabolism of this period is in itself evidence of a greater 
activity of the thyroid Such a theory w'ould be unw^arranted unless 
supported by a greater number of facts than are now'^ available Ir 
should be remembered that the phenomena of growth are not so very 
different with invertebrates wdiich have no thyroids 
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The Sage calorimeter has recently been able to throw an interesting 
sidelight on the relationship of body form to metabolism Two men 
who in youth had lost both legs m accidents, were studied in the 
respiration chamber and the surface area determined by formula and 
actual measurement The one who was fat showed a metabolism only 
4 per cent above the normal average , the one who was muscular was 
2 or 3 per cent above These men resembled infants in the relative 
proportion of body to extremities This indicates that the law of sur- 
face area holds true under dissimilar physiological conditions such as 
are found in legless men The high metabolism of infants is not there- 
fore, due to the differences in body shape and body composition 

These factors are almost entirely ruled out in the case of the boys 
12 and 13 years old At this age the body has assumed almost the 
adult proportions and the liver and thyroid are not much larger m 
proportion to the body weight than in later life The metabolism of 
these boys is very much higher than that of adults It is rather a 
striking fact that the metabolism was distinctly higher in the boys 
who showed no signs of approaching puberty than in those who showed 
traces of pubic hair and increasing development of the genitalia It 
is hoped that the same group of boys can be studied at intervals during 
pubescence These boys can be compared with the case of infantilism 
studied by McCrudden and Lusk in the calorimeter of the Department 
of Physiology of the Cornell Medical College This dwarf, who was 
17 years old, and about the size of an average boy of 6 years, showed 
a metabolism of 23 3 calories per hour per square meter (Meeh), which 
was 7 per cent below the adult normal average 

The growth of children in length and weight is very rapid during 
the first two years of life and then decreases somewhat between the 
ages of 8 and 12 Following this is a period of increased growth, with 
relatively greater gam in stature than in weight This begins m almost 
all the nations at the age of 12 or 13 in boys and reaches its height 
between the thirteenth and fifteenth years The figures of Boas^° and 
Burk^‘ are well worth consulting, and Wiener’s^® measurements of 
three of his sons show this increase in the period of prepubescence 
very clearly The curve of weight is somewhat different, since boys 
become relatively thinner as they grow tall and do not fill out again 

16 Boas The Groi\th of Toronto Children, Report U S Commr Educa- 
tion, 1896-97, 11 , 1541 

17 Burk Gro^\th of Children in Height and Weight, Am Jour Psychol , 
1898, IX, 253 

18 Wiener. Das Wachstum des menschlichen Korpers, Karlsruhe, 1890 
Chart reproduced in Burk’s paper (note 17) and also in Hall’s Adolescence 

Xe\s York, 1904 ’ 
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until puberty is uell esl.ibhshcd In the case of girls the period of 
increasing growth comes a jeai oi two earlier 

In adult life the nearest approach to the growth of childhood is 
found in the period of convalescence from acute infectious diseases 
The fact that the metabolism is increased at such times was demon- 
stiated by Svenson, Roily and othcis Coleman .md Du Bois’^ hace 
shown that after Uphold the metabolism which falls to normal at the 
end of the fever, ma) rise to an accrage of 17 per cent abo\e normal m 
the second and third weeks of convalescence It is surmficant that the 
body which is repairing the losses of protein and fat during the fe\ei 
should be maintaining its metabolism at a le\cl which approaches that 
found m childhood It is also significant that a second peak in the 
curve representing the heat production at difTcrent ages m found in the 
case of these bo)s just at the period of a renewed increase m the rate 
of grow'th The evidence points toward a specific increase m the 
metabolism of the growing organism 

There is no apparent explanation for the fact that the metabolism 
was highei in the boys who showed no signs of approaching puberty 
than 111 the others It is difficult to explain the low metabolism of new- 
born infants It must be considered, however, that the unborn bab> is 
essentially similar to an internal organ which is practical!} free from 
the play of external ph}sical stimuli Under such conditions the heat 
production must be on a different Icccl from that m later life after a 
fuller development of the neuromuscular elements has been completed 

SUMMSRY \ND CONCLUSION'S 

Eight normal bo}s, 12 or 13 years old, w’cre studied in the respira- 
tion calorimeter four to six hours after a small breakfast They were 
allow'ed to read for one of the tw'o experimental hours, but w ere very 
quiet The methods of direct and indirect calorimetr)’^ agreed wnthin 
0 04 per cent Their heat production per unit of surface area w^as 32 
per cent higher than the adult le\el according to Meeh’s formula, oi 
25 per cent higher accoiding to the more accurate “Linear Formula ” 
In studvmg the effect of grow'th on metabolism, interpretation of 
the results obtained on infants is complicated by the fact that babies 
differ greatly from adults in the proportions of the body and the relative 
size of the viscera, notably the liver and thyroid Boys just before the 
onset of puberty have almost adult proportions They are in the midst 

i 

19 Coleman and Du Bois The Influence of the High Calory Diet on the 
Respiratory Exchanges in Typhoid Fever, The Archives Int Med, 1914, xiv , 
168, also Clinical Caloriinetiy, Paper 7, ibid, 1915, xv , 887 
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of a peiiod of acceleiated growth The fact that the metabolism is 
high, points to a specific increase m the metabolism of the growing 
organism 

The writer wishes to thank those whose assistance made this research possible 
The electrical measurements were made by Mr F G Soderstrom, the residual 
analyses and calculations by Dr A L Meyer and the calculations were checked 
by Miss Grace Sims Urinalyses were made by Mr F C Gephart and Mr R 
H Stone 
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THE BASAL METABOLISM OF NORMAL ADULTS WITH 
SPECIAL REFERENCE TO SURFACE AREA’" 

FRANK C GEPIIART, AB, and EUGENE F Du BOIS, MD 

M \V ■iOUK 

Since the writing of Paper 4' of this senes an unusual amount of 
work has been published on the subject of the normal melahohsm It 
is iio\\ possible to calculate the normal baseline much more exactl}' than 
a year ago and it is therefoie necessary to reconsider the whole ques- 
tion at this early date The figures representing the average normal 
metabolism have been cliangcd frequently since the stud} of the respira- 
tory exchanges began and it ina} be said that the chief ad%ance has 
depended on the fact tliat it has been possible to make the variation 
in the normal smaller and smaller each year With the oldest t\pe of 
large respiration chamber the range of heat production fluctuated enor- 
mously wuth the uncontrolled influences of muscular actnity and the 
specific dynamic action of food With the iinpro\cd technic of 
Johansson and wuth the small apparatus of the Zuntr school these fac- 
tors w'ere eliminated, but errors due to changes m the calorific factors 
for Oo and COj remained The normal variation was frequently quoted 
as from about 2 5 to 5 0 c c per kilogram and minute wuth a mean 
of about 3 5 c c Under these conditions a pathological departure from 
the average normal as great as 40 per cent might be obscured In 
1914 Coleman and Du Bois" gathered 48 controls from various sources 
including seven studied in the Sage calorimeter and gave the figuie 
34 2 calories per hour as the a\ erage heat production per square meter 
of body surface as determined by Mceh’s formula They pointed out 
that the normal variation w’as only plus or minus 10 per cent if the 
surface aiea w^ere used as a standard In Paper 4 of this series,^ on 
the basis of a much larger number of controls, w e selected the average 

Submitted for Publication Feb 4, 1916 

From the Russell Sage Institute of Pathologj', in affiliation with the Second 
Medical Division of Bellevue Hospital 

1 Gephart and Du Bois Clinical Calorimetry, Paper 4, The Archives 
Int Med , 1915, xv, 835 

2 Coleman and Du Bois The Influence of the High Calory Diet on the 
Respiratory Exchanges in Typhoid Fever, The Archives Int AIed , 1914, 
XIV, 168 
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figure of 347 Since then Benedict, Emmes, Roth, and Smith^ have 
published the details and have discussed their experiments which were 
only briefly reported at the time of our last publication They found 
the metabolism of vegetarians to be practically the same as that of 
nonvegetarians, while the athletes average 7 per cent higher than the 
nonathletes used as contiols This is accounted for m pait by the fact 
that the athletes were somewhat younger than the controls with whom 
they were compared The average age of the fifteen athletes was 22Y^ 
years and the average heat production 40 7 calories per square meter 
per hour as recalculated according to the height-weight chart This 
IS only 2 5 per cent higher than our standard for normal men Benedict 
and his co-workers have pointed out the fact that the younger subjects 
show a higher metabolism and that the heat production is much lowei 
when the subject is asleep at night than when he is awake in the day 
time They have found the metabolism of women average about 6 per 
cent lower than that of men The extremes of variation in the oxygen 
consumption of the same man over the course of months and years 
are shown in a very instructive table of thirty-five subjects Eleven 
show a variation less than 10 per cent , eighteen show from 10 to 20 per 
cent and six a difference of 20 to 31 per cent , the average variation 
being 13 9 per cent It must be remembered that this table shows the 
extremes, giving the percentage increase of the very highest period over 
the very lowest The results in an early morning period when the 
subject was asleep may be contrasted with an afternoon period when he 
was awake and weary of experimentation The “Umversar' respira- 
tion apparatus with which these tests were made can be used only for 
periods of 10 to 20 minutes and with some people there may be a con- 
siderable amount of discomfort from the mouth or nose pieces On 
the whole it is quite remarkable that the extremes of variation are not 
greater It is to be hoped that the details of this table will be published 
so that we may estimate the frequency with which observations under 
similar conditions show results which differ materially from the aver- 
age Benedict also calls attention to the variation of the metabolism 
of different individuals according to body weight and surface area 

Palmer, Means and Gamble^ have studied a considerable number of 
normal men and women and have found that the creatinm elimination 
bears a constant relationship to the basal heat production Means'^ has 

3 Benedict, Emmes, Roth and Smith Jour Biol Chem , 1914, xvin, 139 
Benedict and Roth The Metabolism of Vegetarians as Compared with the 
Metabolism of Non-Vegetarians of Like Weight and Height, ibid, 1915, xx, 231 
Benedict and Emmmes A Comparison of the Basal Metabolism of Normal 
Men and Women, ibid, xx, p 253 Benedict and Smith The Metabolism of Ath- 
letes as Compared with Normal Individuals of Similar Height and Weight, 
ibid , XX, p 243 Benedict Factors Affecting Basal Metabolism, ibid, xx, p 265’ 

4 Palmer, I^feans and Gamble The Basal Metabolism and Creatinm Elim- 
ination, Jour Biol Chem , 1914, xix, 239 

5 Means * Basal Metabolism and Bodj Surface, ibid 1915, xxi, 263 
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calculated out the metabolism of these same subjects accoi cling to 
square meters of body sut face .is determined b} Meeb’s formula and 
by the ncc\ lineai foimula desciibed in Paper 5 of this senes Ihe 
aveiagc figure foi men accotding to Mcch’s formula w.is 33 2 calonci 
pel houi, accoi ding to the ‘‘Line.ii b'crmula ’ 39 6 J he acciagcs for 
women were lowci, Meeh’s foimul.i 29 9, "Linc.ir Foimula” 3S2 The 
gieatest variation from the acciage was 12 3 jiei cent according to 
jMeeh's formula and 7 9 per cent .iccording to the Ime.ir, the me.m 
variations were 4 8 ]iei cent and 4 per cent, respcctneh Means'" 
has also shown th.it the app.irent ciepression of metabolism m obcsiU 
m most cases was due to tbc l.irgc jilus erroi in Mcch’s formula, and 
that according to the linear formul.i his two \cr\ stout subjects came 
witbin normal limits 

In Papers 5 and 9 in this senes attention has been called to the 
callable plus ciror in Mcch’s formula, which acerages about 15 per 
cent , and a formula based on hnc.ii me.isuicmcnts has been described 
In Paper 10 a ‘TTcight-Wcight ’ foimula is gnen which makes it pos- 
sible to determine the .qipioMmate surf.ice aica of subjects described 
m publications in which the height and weight are stated Results 
expressed m tcims of squ.irc meters of surface .iic.i arc compaiable 
if either the linear formula oi “Height-Weight Formula” be used, but 
arc about 15 per cent higher than if Mcch s formula be ajiphcd This 
necessitates the use of tw'o clifTercnt sets of figures to represent the 
acerage metabolism of men bctw'ccn the ages of 20 and 50 — 39 7 calor- 
ies per square mctci per hour according to the linear formula, 34 7 
calories according to Mcch’s formula In Paper 11 it is shown that the 
metabolism is slightly lower m the scmircclimng po^.turc than flat in 
bed In Papci 12 the incicasc in metabolism during the period of 
growMi IS discussed in detail 

:MnTIIODS \ND SL-BjnCTS 

The methods described in Paper 4 of this senes were followed 
in the present work IMany of the subjects hace been reported in pre- 
vious papers 

Atoms S, former typhoid patient, is reported in Paper 6 cvlicre the history 
and experimental data are given At the date of the experiments here discussed 
he was in perfect health Dec 17, 1914, a basal determination was made and 
the next day between 8 40 and 9 20 a m he ate the protein meal, consisting of 
110 gm egg white, 21 gm egg yolk, 600 cc fat-free milk, 150 gm pot cheese and 
10 gm lactose This according to analysis of the cheese and milk contained 9 6 
gm nitrogen He was quiet throughout the experiment and during the third 
hour slept for forty minutes The metabolism was much low'cr during this hour 
and It should be excluded from tbe averages 

Albert G Normal control whose history is given in Paper 12 Dec 30, 1914, 
he w^as given 79 gm olive oil at 10 15 am During the first and second periods 


6 Means Studies of the Basal Metabolism in Obesity and Pituitary 
Disease, Jour Afed Research, 1915, xxvn, 121 
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he slept fourteen and ten minutes, respectively Jan 4, 1915, at 10 13 a in he 
was given 115 gm commercial glucose, the equivalent of 100 gm pure dextrose 
He slept most of the first period In the third period the CO 2 and O 2 measure- 
ments were lost The experiment was repeated two days later 

A P C, normal control, male, 24 years old, 179 4 cm tall, medical student 
m good health 

Jan 21, 1915, after having been on a low nitrogen diet for several days a 
basal determination was made 
R H S history in Paper 12 
E F B D history in Papers 4 and 12 

Emma W , normal control History in Paper 9 She was in unusually good 
health and was able to take violent exercise Hei menses were legular and 
not profuse On examination of the heart there was a marked lespiiatory 
allorrhythmia and also an ocasional premature systole Several electrocardio- 
graphic plates were taken but no abnormal beats photographed, although it was 
possible to see the typical large diphasic swing of the shadow several times 
The first experiment was made May 13, which was the second day of the cata- 
menia To control this factor a second basal determination was made May 
17, the third day after the flow had ceased She was almost motionless both days 
while m the calorimeter 

AVERAGE BASAL METABOLISM OF MEN 

In Paper 4 the results of lespiration experiments on 96 men weie 
considered To this gioup may be added the nine men of Palmer, 
Means and Gamble and the four men studied in the Sage calorimeter, 
Morns S , Albert G , R PI S , and AFC If we tabulate the results 
according to the surface area as determined by Meeh’s formula there 
IS no need to change the conclusions expressed in Paper 4 The aver- 
age of the new cases is 33 6 caloiies per square meter per hour as 
opposed to the former figure of 34 7 It does not seem necessaiy to 
change the base line again The greatest variation from the mean is 
12 3 per cent as mentioned previously 

In Paper 4 of this series the results m five cases are given in teims 
of caloiies per square meter as detei mined bv the new “Linear For- 
mula ” Adding the four new cases of this paper we have a total of nine 
normal men whose surface area has been accurately measured The 
average basal metabolism is 39 7 calories per square metei per hour 
(“Linear Formula”) The extremes of variation from the average are 
-f- 4 per cent and — 6 pei cent John L , who was 44 years old, could 
not be found and measured His results would probably have been 
further from the average Means,'"’ wdio measured his nine subjects by 
the same method, obtained an a\ erage figure of 39 6 Until ive ha\ e 
a larger number of subjects measured in this manner the figure 39 7, 
given above, wnll be considered the standard noth yvhich all results are to 
be compared 

The results obtained by Benedict, Emmes, Roth and Smith may 
also be recalculated bv meaii^ of the new “Height- Weight” chart If 
we take the seienty-nme men between the ages of 20 and 50, wLo w^ere 
of a^ erage bod} shape, and calculate the calories per square meter per 
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hour, we obtain the figure 38 9 While this figure is slightly lower than 
ours, it must be remembered that it was obtained by means of the 
Benedict apparatus with periods only fifteen to twenty minutes long 
For these periods the subjects can remain absolutely motionless, some- 
thing impossible in calorimeter experiments two to four hours long 
It seems preferable to use the average normal obtained in the calorim- 
eter as a standard for pathological cases studied in the same 
apparatus 
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—Calorimeter Experiments 
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If we apply the “Height- Weight Formula” to the averages of the 
68 women given by Benedict and Emmes’’ on page 256, we find that 
the approximate surface area for the average weight of 54 5 kg and 
average height of 162 cm is 1 57 sq meters. This would make their 
average heat production per hour 35 9 calories per sq meter, and if 


7 Benedict and Emmes: A Comparison of the Metabolism of Normal Men 
and Women Jour Biol Chem 1915, xx, 253 
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we add to the group the seven women studied by Means^ the average 
for the whole would be 36 9 calories, a figure which may be adopted 
as the standard for normal women This shows that the metabolism of 
women is about 7 per cent lower than that of men, a figure in agree- 
ment with the conclusions of Benedict and Emmes 


TABLE 4 — A Comparison of the Metabolism of Fat and Thin Subjects 
Taken Largely from the Work of Benedict, 

Emmes, Roth and Smith 
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A COMPARISON OF FAT AND THIN SUBJECTS 

In Paper 4 of this series attention was called to the fact that m the 
case of fat individuals Meeh’s formula would give a figure for the 
calories per square meter which would be ^ ery much too low It might 
ha\e been added that m the case of thin subjects the figure would 
be \er 3 much too high The male subjects of Benedict and co-workers 
Mere plotted m our previous paper according to height and m eight, and 
on account of the above mentioned errors six fat men and tivo thin 
ones Mere excluded from the averages Nom* that it is possible to 
correct the error in I\Ieeh s formula it has seemed adiisable to compare 
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the metabolism of the fat and thin groups A table compiled by the 
insurance companies showing the average weight of the male applicants 
betw^een the ages of 25 and 29 years for different heights w'as taken 
as a standard Those subjects whose weight departed more than 20 per 
cent from this standaid w'crc considered cither fat or thin II F was 
excluded on account of old age, two more thin men, LEA and 
A F G , w'crc included m the new’ list The fat and thin w'omcn w ere 
tabulated and three stout subjects of IMcans'’ added to the list The 
results gnen m Table 4 arc expressed in terms of \ariation from the 
ai crages foi all normal controls, 39 7 calorics per sq meter per hour 
“Linear Formula” for the men and 36 9 for the w omen According to 
bod} weight the fat and thin groups show' a difTcrcncc of 41 per cent , 
according to Mceh’s formula 15 per cent, according to the “Linear 
Formula” 3 per cent This shows that Rubners law that metabolism 
IS proportional to surface area holds for fat and thin subjects and that 
we can safely use our new baseline for hospital patients whcthci thc} 
be fat or thin 


TABLE 5 — Bas\l Metahousm oi Normai- Mex and ^\oME^' 40 to 60 Ye\ps 
Old, Ricaiculatid i\ Terms of Sl/RF^cr Are\ b\ 

THE “HEicnrAV fight’’ Formula 


j 

Subject 

1 

In^c'llgiitors 

\ge. Tears 

Per Cent 

De\ Inllon from 
Vverago Cal 
per Sq 31 
per Hr 
(20 DO Trs ) 

Men 



W 30 7 

\ L 

B 1 R nndS 

10 

— 20 

FOB 

B r R nndS 

11 

— SO 

Dr P R 

B r R nndS 

11 

—12 0 

Dr S 

B I R and S 

13 

O 

o 

C 1 

i 

Prof Z 

ME nndP 

13 

— 50 

John L 

G and D B 

11 

—12 0 

G L 

G nndD B 

17 

+ 30 

W 

31 E and P 

W 

— 50 

E J W 

B r R nndS 

'■>8 

—17 0 

Women 



A.V SO 9 

B K 

31 E and P 

10 

+10 0 

Mrs H D 

B r R and S 

12 

+ 1 0 

Dr M D 

B r R nndS 

14 

— 10 

Mrs S 0 

B E R andS 

C2 

—12 0 

Mrs E B 

B r R nndS 

53 

— 10 

Average, men and v omen 


40 to 50 

— 43 

Average, men and vomen 


50 to CO 

—113 
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INFLUENCE OF AGE 

In Table 5 are grouped the corrected results for the normal controls 
between 40 and 60 years of age In Paper 4 the subjects between the 
ages of 20 and 50 were grouped together, but it is apparent that the 
average metabolism between the ages of 40 and 50 is 4 3 per cent 
lower than that of the whole group, while those between 50 and 60 are 
113 per cent lower It is necessary to use a lower figure for the 
baseline after the age of 50, and perhaps advisable to make the change 
at the age of 40 

VARIATIONS IN METABOLISM 

We have already spoken of the extremes m the oxygen consumption 
of the same individual during the course of months and years as 
reported by Benedict Only a few of the subjects here reported have 
been studied over long enough periods to give much evidence on the 
question The basal metabolism of E F D B was 35 91 calories per 
square meter per hour on March 13, 1913, the first time he was m the 
calorimeter, when he was somewhat restless In May, 1913, it was 
33 29, in March, 1914, 34 09, May, 1914, 32 97, May, 1915, 32 86 
The extreme range was 9 per cent , and, excluding the first experiment, 
3 7 per cent Albert G showed a variation of 6 4 per cent , the metabol- 
ism being unusually low on December 28, when he dozed during the 
two-hour experiment In Paper 7 it will be noted that the curves 
representing the metabolism of the typhoid patients are very uniform 

INFLUENCE OF FOOD 

In a footnote to Paper 4 it was stated that Morris S showed a rise 
of 6 5 per cent m metabolism two to six hours after a meal containing 
9 6 gm nitrogen On recalculation the rise during the period turns out to 
be 7 4 per cent , and if we exclude the third period when he slept forty 
minutes, 119 per cent This corresponds with the rise of 12 per cent 
found in the case of E F D B after a similar meal containing 10 5 gm. 
nitrogen Albert G on January 6, one to four hours after 115 gm of 
commercial glucose, the equivalent of 100 gm dextrose, showed an 
a\erage metabolism 11 per cent higher than the basal determination 
two da}s later This corresponds vith the average of 9 per cent 
obtained with G L and E F D B in the previous investigation The 
one experiment on Albert G one to five hours after 79 gm olive oil 
shoi\ed little increase in metabolism Fat exerts its chief specific 
d}namic action in the period immediately succeeding the hours studied 
The glucose experiment on Albert G January 4 uas too short to be of 
\alue 
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TABLE 6 — Watpr EiiMiVAriov Tiinobcii Skin \kd Lungs Normal Con- 

IROIS IK CaIORIMITIR BaSAI MiTAROIISM Exi'IRI'inNTS 


Name and Date 

Averaro 

UsO 

Gm per 

Hr 

AternRC 
Calories 
per Hr 

Dir Cal 

Per Cent 

Cal Lost 
through 
\ aporlration 

Per Cent 

Dev latlon 
Ironi Mean 

23 07(, 

G L 

3/11/11 

37 44* 

SO 88 

27 

-14 

E r D u 

8/13/13 

27 22 

75 20 

21 1 

—12 

D/17/13 

32 'A 

71 41 

25 4 


S/SO/U 

30 52 

75 78 


, 0 

G/18/14 

2S0G 

58 to 


± 0 

D/ C/ID 

32 21 

72 71 


- 8 

r 0 G 
sm/is 

19 47 

57 la 

19 0 

—17 

4/22/13 

27 44 

C072 

2(, 4 

J-IO 

R 11 II 

3/10/13 

28 41 

1 

C^77 ! 

23 8 

— 0 

Louis M 

3/2G/13 

27 15 

C7 40 1 

23 C 

— 1 

Jolin L 

3/20/14 

24 78 

Cl 10 

23 7 

- 1 

1 C M 

D/ 4/14 

27 80 

70 21 

231 

— 3 

Albert G 

12/21/14 

31 58 

TICS 

25 7 

+ < 

12/2S/14 

20 12 

7120 

21 4 

-10 

1/ 8/15 

29 37 

Ca82 

24 C 

+ 3 

R H S 

4/19/15 

20 27 

72 03 

21 3 

—11 

Morris S 

12/17/14 ! 

27 00* 

70 83 

22 5 

— C 

Arc 

1/21/15 

27 39 

COao 

20 3 

+10 

IS experiments on 
men 

28 4 

1 

23 0 


Emma W 

5/13/15 

30 43 

52 OC 

34 1 

+42 

1/17/15 

28 54 

1 5101 

i 

32 G 

+SG 


* Much more \\nrml> dressed tlinn the other subjects 


WATER ELIMINATION 

In Table 6 the watei elimination from skin and lungs is given for the 
twenty basal experiments on normal adults The first column expresses 
the averages for each experiment in grams per houi Each gram vapor- 
ized at 23 C represents the loss of 0 584 calories The second column 
gives the average calories produced per hour as measured by the method 
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of direct calorimetry The third represents the percentage of calories 
lost through vaporization It will be seen that normal men dressed in 
underwear and pajamas m a well ventilated box at 23 C give off 
between 19 and 32 gm of water per hour, dissipating in this manner 
between 20 and 27 per cent of the total heat produced The average 
figures are 28 4 gm per hour and 23 9 per cent of the calories Eighty- 
three per cent of the eighteen experiments come within 10 per cent 
of this last figure 

There are many factors which influence the amounts of water given 
off by skin and lungs, the most important being the amount of water 
previously ingested, the amount of clothing, the temperature and humid- 
ity of the air and the rise or fall of body temperature The amounts 
eliminated in consecutive hours may vary greatly and even transient 
emotions may cause sweating The subject is too complicated to be 
treated m this short paper and is reserved for later discussion 


TABLE 7 — Standards of Normal Metabolism Average Calories Per 
Hour Per Square Mfter of Body Surface 


Subjects, Age in Years 

1 

1 

According to 
Meeh’s Formula 

1 

According 
to Linear and 
Height Weight 
Formulas 

j 

Boys, 12 to 13 

45 7 

49 9 

1 

Men, 20 to 50 

34 7 

39 7 

Women, 20 to 50 

32 3 

8G9 

Men, 50 to GO 

30 8 

35 2 

Women, 50 to 6o | 

287 

32 7 


SUMMARY AND CONCLUSION 

The basal metabolism of four normal men and one woman has been 
determined and experiments have been made on the specific dynamic 
action of protein and glucose A study of the new controls, together 
with those reported m the literature since our last publication, supports 
the views previously expressed There is no reason to change the state- 
ment made m our preMous paper, that if a given subject’s basal metab- 
olism IS more than 10 per cent from the average, it may be regarded as 
abnormal, but cannot be proved abnormal unless the departure from 
the average is at least 15 per cent The a^e^age basal metabolism of 
normal men is 34 7 calories per square meter per hour as determined 
by I^Ieeh’s formula On account of the a^erage plus error of about 
15 per cent m iMeeh’s formula the a\erage figure is 39 7 calories, or m 
lound numbers 40 calories, nhen the more exact “Linear Formula’ 
or the new “Height-M'eight Fonnula’ is used to determine surface area 
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1 he .ncrago metabolism of f.il and ihm subjects is tile same aecoid- 
ing to siiif.icc aiea wlien tlu surf.iee .irea is eoricetl) me.isured The 
metabolism of ^\omen .i\eragcs 37 0 (.aloncs, oi 6 8 per cent lower 
than that of men A grouji of men and women between the ages of 
40 and 50 ga\ c figures 4 3 pei cent below . .md a group 50 to 60 } ears 
old 113 per cent below’ the aierage for the l.irger group belween the 
ages of 20 and 50 

Under the atmospherie eonditions of the calorimeter exjicnmcnts 
the a\eragc water elimination by normal men through skm and lungs 
IS 28 4 gm an hour About 24 per cent of the heat produecd is dissi- 
pated 111 the vajiori/ation of water 

The figures for the specific denamie .letion of protein and glucose 
prcMOUsly obtained are eonfirmed A table of normal standards is 


given 
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To those who are accustomed to think m terms of the energy 
requirement, exophthalmic goiter stands out pm excellence as the di-s- 
ease of increased metabolism, and the increased metabolism stands out 
as the chief symptom of hyperthyroidism The determination of the 
heat production seems to afford the best index of the severity and 
course of the disease There is great need of some purely objective 
test in hyperthyroidism to indicate the effect of treatment, since psycho- 
therapy can modify profoundly all subjective symptoms At present 
the scientific status of the treatment of exophthalmic goiter is about at 
the point where we would be with diabetes if there were no laboratory 
tests for glucose and the acetone bodies 

No one of the simpler objective tests taken alone gives an accurate 
idea of the course of the disease , but when a number are taken together 
and added to the clinical impression of the obserier, they afford a 
rough measure of the seventy of the case The rapidity of the heart 
action IS perhaps the best guide, but the heart is often affected by other 
conditions, and damage to the heart may outlast the other symptoms 
Rise in temperature is so irregular as to preclude its use as a reliable 


* Submitted for publication Feb 4 1916 

* From the Russell Sage Institute of Patholog\ in Affiliation with, the Second 
Medical DiM«:ion of Belletue Hospital 
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index Changes in the si/c of the gland do not jiarallcl the course of 
the disease Clianges in ^\ eight, warmth of skin and sweating are hut 
consequences of the increase in heat production l-lje scinptoms. tre- 
moi, nercous iiiitabilit}, weakness, diarihca are all too \ariahle to he 
of lehance and are too difficult to measure accuratcl) The hlood pies- 
suie is of some use as .1 guide, hut it is alleeted In age and the condi- 
tion of the cardioc.iscular s\s(cm '1 he sugar tolerance depends on 
othei ductless gkuids as well as the tlnioid, «md e\cn in health has wide 
limits The mononucleosis which has hecn considered characteristic h\ 
Kocher, Ilalsted and others is found m otliei disea-'Cs, and docs not 
seem significant enough to he our mam reliance 

In contiast to the ahose mentioned symptoms, an mcrc.ised basal 
metabolism is found with great rcgul.intj in exophthalmic goiter, and 
in sc\cre cases reaches a le\el found in no other condition (Jn the 
other hand, in cretinism and imxcdcm.i the melaholism is lower than 
in an\ other disease The administration of tlnroul extract, partici- 
laily m myxedema, laiscs the heat production All other diseases in 
which metabolism is inci cased arc casil) distinguishable from exoph- 
thalmic goitei, <incl the} nc\cr approach the extremes found 111 this con- 
dition The basal metabolism is highci th.in normal m )OUth, m fever 
in lymphatic leukemia and pernicious anemia, in severe cardiac disease 
and in some cases of severe diabetes and cancer It is lower than noi- 
mal in old age, m some wasting diseases and perhaps in some cases of 
obesity Diseases of the ductless glands othci than thyroid show in 
some cases an increase, m some a decrease . but these .ire comparatively 
small 

The theories of exophthalmic goiter at picscnt arc m a somewhat 
chaotic state The suprarcnals, th}mus and most of the othei ductless 
glands are thought by many to be involved, and the symptoms have 
lately been divuded into sympathcticotomc and v agotomc groups Dv en 
in regard to the thyroid itself some advance the theory of dysthyroid- 
ism in addition to or in place of hypcrthyioidism Such confusion is 
natural when we have few'’ objcctiv'e tc'^ts and many bizarre symptoms 
which can be ascribed at will to various ductless glands whose func- 
tions are obscure It would seem as if vv^e needed more laboratory 
work for those who hold no brief for any paiticular kind of therapy 
Even the most extreme advocates of the new theories ascribe the chief 
role to an ov^eractivity of the thyroid gland For the purpose of sim- 
plicity in this paper one may consider the symptoms of exophthalmic 
goiter to be caused by too much thyroid secretion and allow the reader 
to select for himself those cases in wdiich he believes othei glands to 
be involved 
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PREVIOUS STUDIES OF THE RESPIRATORY EXCHANGES 

The question of the metabolism ih exophthalmic goiter has been 
reviewed by Magnus-Levy/ Hirsch,-, and Falta / Scholz'^ has given a 
large number of references on the subject of cretinism 

Friedrich Muller,^ in 1893, first pointed out the increase in metab- 
olism in exophthalmic goiter by showing that a patient lost weight and 
nitrogenous substances on a diet that was more than sufficient to cover 
the needs of a normal person Magnus-Levy° two years later was the 
first to demonstrate the increase in the respiratory metabolism in hyper- 
thyroidism and the decrease in myxedema Since then he has studied 
many cases of both diseases and has used the respiratory metabolism 
as an index of the effects of treatment, thus demonstrating the increase 
in heat production following the administration of thyroid extract He 
found that in myxedema the rise m heat production began in the first 
week of the administration of the extract and increased gradually till 
the fourth or fifth week The effect was most pronounced m severe 
cases, causing a rise of from 50 to 70 per cent In the mild cases the 
increase was slight, never going above 20 per cent , and in five of the 
nine normal controls there was no rise at all Stuve,' who worked with 
Magnus-Levy, found that thymus extract had no effect on the heat pro- 
duction Magnus-Levy and Stuve found the metabolism greatly in- 
creased in exophthalmic goiter, and their results, together with those of 
the others who have studied this subject, are recorded in Table 1 
Thiele and Nehring,® and Anderson and Bergman® studied the influ- 
ence of thyroid extract, the former finding an increase in the metab- 
olism of obesity patients after its use and the latter no increase with 
two normal men 

1 Magnus-Levy Von Noorden’s Handbuch der Pathologic des Stoffwech- 
sels, Berlin, 1906 

2 Hnsch Raliel Oppenheimer’s Handbuch der Biochemie, iv, 2, 165 

3 Falta Die Erkrankungen der Blutdrusen, Berlin, 1913 

4 Sholz Klinische und Anatomische Untersuchungen uber den Cretinismus, 
Berlin, 1906 

5 IMuller, Friedrich Beitrage zur Kenntniss der Basedowische Krankheit, 
Dcutsch Arch f klin Alcd . 1893, li, 335 

6 AIagnus-Lc\j Gaswechsel bci Thjroidea, Berl khn Wchnschr , 1895, 
xxxii, 650, Untersuchungen zur Sclidddrusenfrage, Ztschr f khn kled , 1897, 
xxxiii, 269, Ueber M\xoedein ibid 1904, hi, 201 

7 Stine Respiratonsche Gasi\cchsel bei Sclnlddrusenfutterung Morbus 
Baccdowii 11 SM, Fest Stadt Krankcnh Frankfurt a M Mahlau 1896 

S Thiele and Xehring Unter>;uchungcn des respiratorischen Gasuechsel 
unier dcm Einflusse a on Tin reoideapraparaten und bci anaeniischen Zustanden 
des nicmchen Ztschr f khn Med xxx 41 

9 Anderson and Bergmann Einfluss der Sclnlddrusenfutterung auf den 
StofTweclncl des gesunden Menschen Skand Arch f Phisiol, 1898, mii, 326 
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— According to the Level of the Respiratory Metabolism 
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Hirschlafi^” made one of the moi.1 Aaluablc contributions to the 
subject by studying m great detail o\cr a long period a \ery severe case 
of hyperthyroidism ^^hlch e^entually came to necropsy The ox)gen 
consumption of this patient was about 77 per cent abo\e normal, ris- 
ing to 105 per cent above normal in the last week of life Magniis- 
Levy considers that some of the high results on this patient were due 
to restlessness, but some were obtained while she "was under the influ- 
ence of inorphin This careful laboratory work on one patient is of 
more value to science than the clinical obser\ation of a hundied 
patients Jaquet and Svenson” found no constant rise in metabolism 
when they treated cases of obesity Avith thyroid extract They also 
studied the specific dynamic action of food on these patients, and con- 
cluded that It was less than normal before treatment A\ith thyroid 


10 Hirschlaff, W Zur Pathologic und Khnik der Alorbus Basedowii, 
Ztschr f klm Med , 1899, xxxvi, 200 

11 Jaquet and Svenson Zur Kentniss des Stoffwechsel fettsuchtigen Indi- 
viduen, Ztschr f klm Med , 1900, xli 375 
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extract but greater than normal after treatment Salomon^' considered 
the increase in metabolism to be the most important objective symptom 
of hyperthyroidism, and followed it during treatment with “Radogen” 
and the serum of a thyroidectomized horse Neither of the remedies 
caused a fall in the metabolism Steyrer^"* studied the effects of thyroid 
tablets on one exophthalmic goiter and one myxedema patient, using 
a Pettenkofer-Voit respiration chamber Pribram and Porges,^'^ work- 
ing under Salomon, studied the “nuchtern” or basal metabolism from 
fifteen to seventeen hours after the last meal of diets containing vari- 
ous amounts of nitrogen They found the heat production from 4 to 
S per cent higher the morning after a diet containing from 31 to 42 

12 Salomon H Gaswechsdwntorsucliungen bci ^Morbus Basedown und 
Akromcpalie, Bcrl Urn Wcbnscbr 1904 x\iv 635 

13 Stcjrer A Ueber die Stoff und Energieumsatr bei Fieber, Myxoedem 
und Morbu*^ Basedonu Zt<;cbr f exper Path u Therap 1907, n 720 

14 Pribram and Porge«; Ueber den Einfluss i erschiedenartiger Diatformen 

auf den Grundumsatz bei Morbus Basedown Wien khn Wcbnscbr 1908 
xxt 1584 ’ * 
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gm of nilrogcn llidn aflci mixed diets rich in c.iibohydratc Tlicy 
do not considci that this diflers fiom what would he found m normal 
poisons aftci such excessue protein feeding, and behe\e that the basal 
metabolism is not much mnuenced by jirotein or meal abstinence In 
one patient two treatments with the Roentgen lay did not cause .iii) 
drop in the oxidatixe processes Moie icccnth Undentsch,’' using 
the Rolly-Rosicw ic/ modiheation of the Henedut unncrsal respiration 
apparatus, comp.iied the rise in iiKtabohsm following the admimstra 
tion of \arious forms of jnotem to patients with exophthalmic goiter 
He found that dO gm of Meuron.il inereasecl the metabolism more 
than 3s gm Roborat and that both had gieatei action than 200 gm 
chopped beef 'I'wo normal controls ga\e the s.imc results lie con- 
cludes that animal inotein h.is a lower specific d}namie action th.in 
\cgetable Undeutseh also m.ide obsercations on three of his patients 
from one to two weeks .ifter a partial tin roidectomv One patient 
show'cd a chop of more than 10 jier cent in the he.it jiroduction, one 
a chop of 20 per cent and a third with “forme fiiiste’ .md colloid 
goiter only a slight i eduction 

Von Bergman'" studied sexcial nnxedema jiatients finding the 
metabolism moder.itcl) decreased He obserxed .i use of 25 per cent 
m the heat production in .in obesity p.iticiU .iflei the administration of 
thyroid extiact F.ilt.i' repoils rcspir.ition exiieiiments on three of his 
exophthalmic goiter patients m.idc by Di Bcriistcni Means,’’ siud)- 
nig sexcial obesity jialicnts and making a large number of respiration 
expeiiments on one niaikcd ease, found .i marked rise in metabolism 
after thyroid administr.ition 

The literature on the treatment of exoiihthalmic goiter is too enoi- 
mous to be reviexved in this papci, and only those remedial measures 
used on the patients heie desenbed xvill be discussed A partial 
thyroidectomy has been and iierhaps always xx ill be the standard method 
of treatment Recently many surgeons hax e been ligating one or more 
of the thyroid ai tones under local anesthesia as a preliminary to the 
more radical operation or in place of it Medical treatment gix'es 
sloxver results xxdiich are often vciy s.itisfactoiy Mental and physical 
lest ox'er long periods of time, combined wuth abundant food, almost 
inx^aiiably improves the patient’s condition, and in many cases theie is 
a tendency toxvard recovery xvithout any tieatment Beebe and 

15 Undeutseh, W Expenmentelle Gasxvccliseluntersuchungen bei Morbus 
Basedoxvn, Grundunisatr und Umsatz nacb Aufnabme xon animabscbem und 
vegetabibscbem Eiweiss, Inaug Dessert , Leipzig, 1913 

16 Von Bergman Der Stoff und Energieumsatz bcim infantilem Myxoedem 
und beim Adipositas universalis mit einem Beitrage zur Scbilddrusenwirkung 
Ztscbr f exper Path u Therap , 1909, v, 646 

17 Means Studies of the Basal Metabolism in Obesitj and Pituitary Dis- 
ease, Jour Med Research, 1915, xxxii (Nexv Series, xxvii), 121 
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Rogers/® and more recently Beebe^'* alone, have used a cytotoxic serum 
prepared by injecting sheep with an extract of human thyroid tissue 
This serum has never come into general use Some patients cannot 
take the serum on account of violent local and constitutional reactions 
and others who can take it show little improvement, as is the case with 
all other forms of treatment Rogers-® uses partial thyroidectomy in 
some cases, and serum in a few others, but places his chief reliance on 
ligation of two or more of the thyroid arteries as giving the best results 
in the long run He has used thyroid extract in some cases for a few 
days after the ligation, and in other asthenic patients has given e 
thyroid preparation called “X Thyroidm,” or thyroid “residue ” Forch- 
eimei-^ is very enthusiastic about the qumin-eigotin treatment which 
he devised several years ago He gives quinin hydrobromate, 5 giains, 
and ergotin, 1 gram m gelatin coated pills four times a day All of the 
foregoing clinicians insist on rest from work and mental relaxation as 
pait of the treatment 

Plummer-^ has recently abstracted the histones of the unusually 
large number of cases treated at the Mayo Clinic, and on the basis of 
averages has arranged the symptoms m the order of their onset as fol- 
lows (1) cerebral stimulation, (2) vasomotor disturbances of the 
skin, (3) tremor, (4) mental irritability, (5) tachycardia, (6) loss of 
strength, (7) cardiac insufficiency, (8) exophthalmos, (9) diarrhea, 
(10) vomiting, (11) mental depression, (12) jaundice, (13) death 
Of especial interest is the work of Rudinger-'’ on the nitrogen mini- 
mum in hyperthyroidism He places his patients on Landergren’s low 
nitrogen diet, and found the nitrogen output to be so much greater 
than in normal persons that he considers there is a 100 per cent increase 
in the destruction of body nitrogen on the fourth day of the diet In 
regard to the discussion as to whether we are dealing with a hyperse- 
cretion or abnormal secretion of the thyroid, it may be well to call 
attention to the statement of Magnus-Levy, “The quantitative relations 

18 Rogers, John, and Beebe, S P The Treatment of Hyperthyroidism bj 
a Specific Cytotoxic Serum, The Archues Ixt Med, 1908, ii, 297 

19 Beebe, S P The Serum Treatment of Hyperthyroidism, Jour Am Med 
Assn , 1915 Ixiv, 413 

20 Rogers. John The Course of Acquired Disease of the Thyroid Gland 
and the Principles \shich Seem to Control Its Progress, Ann Surg 1914 p 281 , 
Exophthalmic Goiter and Its Treatment New York State Jour Med , 1915, x\ 4' 
Am Jour Physiol, 1915 xx‘x\i, 113, ibid, 1915 xxx\ii, 121, 453, ibrid' 1915’, 
xxxix, 154, ibid, 1916 xxxix, 345 

21 Eorcheimer, F Exophthalmic Goiter in Therapeusis of Internal Diseases. 
1913 in. 895 

22 Plummer H S The Clinical and Pathologic Relationships of Hyper- 
phsiic and Xonhypcrplastic Goiter Jour Am Med Assn , 1913, Ixi 650 

23 Rudinger Ueber den Eu\ cis-^umsat? bei Morbus Basedonn, Wien khn 
Wthnschr 1908 xxi 1581 
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of thyroid bcoiction are almo'^t total!) unknown, and arc much too com- 
plicated to allow otir following out a thcor\ of Inpcrthjrcosis in all ita 
details, much Ic''^ docs it enable us to argue a theory of 

dxsthyrcosis ” I'alta, Kcwhuigh and Nobel, on the basis of experi- 
ments with \arious organ extracts, bcltexc in ‘‘Ucbcrfunction” rather 
than “D}sfunction” in exophthalmic goiter, and consider that the dif- 
ference in symptoms is clue to dificrenccs in the constitution of the 
patient 

Ml nioDS oi rxriKnnxi 

]\lost of the jiatients studied o\er considerable period-' of time 
lemaincd in the met.ibohsm ward dcsciibed m Pajier 3 of this senes 
Thev w'crc jilaccd in the respiration c.ilonmeter in the morning 
hours, cither without breakfast oi aftei speci.d meals, if the test'- 
were being made to determine the specific d\nanuc action of food 
Hach patient w.is put in the calorimeter for h.ilt .in hour or so a 
da) 01 two before the first cxjicnment, in order to let him become 
accustomed to the interior of the apparatus No patient objected, 
since all rcah/cd that their treatment was being controlled In the 
results of the obser\ations Some of the patients had marked tremor^ 
when the) mo\cd, but inside the calorimeter the) were l)ing quicth 
on a comfortable bed, and thev mo\ed but seldom The work-adder 
was of great service in gnmg an accurate idea of the rclatnc acti\it\ 
of the subject in each jicnoil * In the sc\cre cases with moist skin, 
the work-adder was e\cn moie sensituc than usual, since any mo\e- 
ment on the part of the patient liberated an .abnormal amount of 
moisture from the bedding and clothing, exiianding the air of the 
box to a marked degree This accounts for some of the high read- 
ings of this instrument, but some of the patients with severe cases 
w'ere distinctly restless, particularly toward the end of an obserxa- 
tion It w’as for this reason that short experiments were used bv 
preference 

The female patients w'cic taken directlv from the general medical 
or surgical w^ards A few of both sexes came to the calorimeter room 
from their homes in the neighborhood, lying down for at least twm 
hours befoie the obsercation began Great care w'as taken to a\oid 
fatigue or excitement, since it w'as apparent that the metabolism of 
these th} roid patients show'ed great lability 

CASE HISTORIES 

Cask 1 — Histoiy — Max W aged 40, storekeeper, born in Roumania, Hebrew 
admitted Feb 11, 1914 Had tjpboid fever wdien 18 jears old Two jears ago 
he w'as operated on for inguinal hernia About this time he was refused life 
insurance because he iveighed 190 pounds He drinks little, but smokes from 
fifteen to twenty cigarets a day 


24 Falta, Newburgh and Nobel Ztschr f khn Med, 1911, p 72 
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Picsent Illness — In January, 1913, he received news of the violent death of 
his brother, and was much excited for a week The next month he suffered 
from a severe unproductive cough, was nervous and lost weight He was sent 
to the mountains with a diagnosis of tuberculosis, but did not improve The 
Wassermann reaction was found to be strongly positive, and he was treated with 
mercury, still without improvement October 13, he went to Mount Sinai Hos- 
pital, where a diagnosis of exophthalmic goiter was made and medical treatment 
tried Shortly afterward he went to the Presbyterian Hospital, where his protein 
and carbohydrat^e metabolism was studied by Dr Geyehn =" It was found that 
the blood sugar was 109 mg per hundred cc, the phenolsulphonephthalein 
output 85 per cent, the leukocytes 11,250, polymorphonuclears 68 per cent, 
lymphocytes 24 per cent , large mononuclears 5 per cent , and eosinophils 3 per 
cent The urine showed traces of sugar, and the Wassermann test was strongly 
positive 

Physical Examination — Feb 11, 1914, the patient is 173 7 cm tall of rather 
large frame with small hands and tapering fingers The skin is dark, flushed, 
warm and slightly cyanotic The beard is thick, the pubic hair normal but the 
hair on the chest scant and the breasts fatter than the rest of the body The 
face is broad and flat, the expression angry and the eyes staring with slight 
protrusion The upper lid covers about 2 mm of the cornea, but does not fol- 
low the cornea when the patient looks down There is some weakness of con- 
vergence, he winks but seldom, and the forehead wrinkles but slightly 

There is moderate soft enlargement of the thyroid, especially the right lobe 
The neck measures 37 cm m circumference The apex of the heart is m the 
fifth space 11 cm to the left of the midline, and the limit of dulness 12 5 cm 
to the left The action is rapid and shows a marked irregularity, apparentl} 
respiratory in type, with long pauses at the end of expiration There is a soft 
systolic murmur at the apex Carotid pulse is large, radial small The hands 
show red areas on the thenar and hypothenar eminences, and there is a tremor 
when he is excited There is a scar of an old left inguinal hernia operation, 
and the left testis is very small and soft, the right testis is large, but of nor- 
mal consistency His disposition is nervous, he is excitable, quick in thought 
and action, and he takes malicious pleasure in teasing his fellow patients, a 
cretin and a pituitary patient, both somewhat slow mentally 

Ticatmcnt and Course — The data concerning the food and urine are given 
in Table 2 In February and March the temperature was between 98 4 and 100, 
the pulse 110-140, the respirations from 26 to 28 March 18, the patient had 
an acute follicular tonsillitis with a transient rise m temperature to 103 2 
Two dajs later it was normal During April the temperature w'as below 99 6, 
the pulse 104-124, respirations from 20 to 22 Blood pressure, Februarj" 15, 
systolic, 150, diastolic, 70, March 7, 130-60, April 6, 132-82, April 23, 148-74 
Beebe’s serum w'as begun, March 5, and the doses slightly increased from time 
to time The patient received tw'cnty-three doses up to April 30, and after this 
the serum was given by Dr Beebe, himself, at fairly regular intervals With 
the serum he w'as gnen 1 gram of potassium lodid tw'ice a dai The local 
reaction from the injection was at times quite marked but the patient felt 
so much better that he checrfull> submitted to the discomfort and was enthusi- 
astic about the treatment 

During his staj m the hospital he a^eraged about three stools a dai He 
impro\cd distmcth c\cn before he recened an> treatment other than rest in 
bed and good food The diarrhea stopped as did the sw-eating and he W'as 
not so ncr\ous There was slight ghcosiina after 100 gm of glucose A. 
note April 15 sa>s he weighed more than on admission that he was eating 
more and was feeling stronger each daa It was noticed that he had a pohuria 

25 Gcxchn H R The Carbolndrate Metabolism in Hspertlnroidism as 
Delernmied b\ Examination of Blood and Urine The Apcnnfs’ I xt Mfo" 
1^1^ XM 975 
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TABLE 2 — (Continued) 
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and the salt in the diet was cut down to from 3 to 4 gm a day Two days 
after this change the urine volume rose to 3,900 cc, with 22 gm sodium 
chlorid in tw’entj-four hours After this the volume dropped markedlj By 
April 24 he was able to be up and about most of the day without fatigue When 
he left the hospital the th}Toid gland and the ej'cs were as on admission, but 
the heart action was regular most of the time 

A vear later, April 22. 1915 he spent another day in the metabolism ward 
and went into the calorimeter again He had done very well under Dr Beebe’s 
treatment gaming 22 pounds in weight He was able to work in his store 
eight or ten hours a da} and a few weeks ago walked 5 miles He seldom 
has palpitation but does not try to walk upstairs He is not so excitable as 
a vear ago He is able to wear a collar one si/c smaller than last vear He 
looks much fatter and stronger, but the eve svmptoms are unchanged and the 
skin IS St, II moist and warm The apex of the heart is maximum in the fifth 
space 13 3 cm to the leit of the midhnc and the action is so markedh irregu- 
lar as to suggest auricular fibriUation, a diagnosis which is confirmed bv the 
electrocardiogram 

Cvst — Edwin T aged 20 vears student admitted Feb 24 

191a discharged Mav 1 At the age of 10 had an attack of acute rheumatic 
lever and suice then has had main sore throats Three vears ago he worked 
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Fig 1 — Ciiart jn Ct;c 1 Mn\ W 



Fig 2 — Chart in Case 1 Marv W (continued) 
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irerj hard in school At this time he ^\as able to participate in track athletics 
He has been accustomed to taking about six cups of strong tea everj'- day, 
and has always been nervous About six months ago he became excitable and 
restless and a little later was obliged to stop work About three months ago 
his friends began to speak of a ‘change in his facial expression He grew 
steadily worse until three weeks ago, when a diagnosis of hyperthyroidism was 
made by Dr R J Shea, and proper treatment started He lost 13 pounds in 
weight, but regained most of it under Dr Shea’s care 

Physical Exaimnatton — The patient is 168 cm tall, moderatel> thin, the 
bones are slender, and the distribution of hair is normal for his age The 
facies IS neurotic in type and the expression angry with slight protrusio bulbi 
The tonsils are large and succulent with deep crypts The thyroid is soft 
and enlarged, measuring 12 cm broad, 3 cm in the vertical direction at the 
isthmus and 4 cm at each lobe The heart is not enlarged, but the first sound 
IS of pool quality, short and sharp, and there is a murmur over the pulmonic 
area which resembles a hemic or extracardiac murmur The heart action is 
forcible, but the radial pulse small The skin is flushed, warm and moist, 
often breaking out into sweat There is a tremor when he is excited 

Ti caiment and Couise — The first month in the hospital he was given no 
medication but kept quiet in bed He became less and less excitable, the skin 
became cooler and drier and he was happy and helpful in the ward About 
March 10 he began to be homesick and at times excitable March 23, Beebe’s 
serum was started in 5 minim doses almost everj dav March 29, there was 
a severe local reaction accompanied by nausea After this the serum was 
given in smaller doses every three daj‘s until April 14 

The patient felt a little better after the first few doses of serum, but later 
grew steadily worse, becoming more depressed, discouraged and at times very 
nervous Between April 7 and 21 he was much excited o\er some personal 
matters, and was hard to manage April 21, he was remoied to the surgical 
ward, and the right inferior thyroid arterj‘ tied under novocain anesthesia by 
Dr Rogers April 23 and 29, the other three arteries were tied, the patient 
experiencing no pain, and scarcely ever showing a pulse rate aboie 100 He 
felt better and was up and about the ward the da}, after each operation 

May 10 he was readmitted for a calorimeter obscr\ation after ten da>s in 
the country He has felt better and has slept well The wounds are healing 
well and his general condition seems improved, but the physical examination is 
much the same as ^\hcn first admitted to the hospital For clinical data see 
Table 3 

Case 3 — Histoiy — ^James McE, aged 29 factory worker admitted Alarch 1, 
1915, on the scrMce of Dr Locknood. nitli the diagnosis of exophthalmic goiter 
and alcoholism, at the age of 22 had an attack of appendicitis He is a lieaiy 
smoker, drinks much tea and has periodic attacks of drunkenness lasting about 
a i\eek He has been thin nervous and in rather poor health for the last 
nine jears, and has been -^ery excitable for two or three >ears Seven months 
ago he became ^er^ iicrioiis Fi\e months ago he noticed swelling of the 
neck palpitation and dispnea At this time he had se\ere pains in his face not 
rehexed In the extraction of a tooth Two weeks ago he began to haxe night 
sweats cough pain in the bones, hoarseness and lie lost weiglit rapidlt 

Physical Lxainmatwu — The patient is 166 cm tall emaciated restless 
expres'^ion staring skin flushed, warm and sweating pubic and axillari hair 
'scant Exophthalmos modc’'atc \oii Graefe’s and ^loebius’ signs positiie The 
teeth show much canes and pxorrhea There is a marked bilateral enlargement 
of the tlnroid gland Thorax is poorh formed heart apex 13 cm to left of 
mullme regular hat markedh oicractmg with a rough sestohe murmur, loudest 
to the left of the sternum Puhe is Corrigan in Upe There is a fine tremor 
oi .i.iger'. and tongue -’iid a disanc* odor of acetone on the breath 
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Ticaiment and Cow sc — For the first twelve days in the hospital he was kept 
111 bed without medication and improved slowly March 14, after the first 
observation in the calorimeter, the Forcheimcr ergotin and quinin hydrobromate 
treatment was begun He continued to improve slowly in general condition, and 
gained 6 pounds in weight The blood pressure was 130-65 and 146-66 mm Hg 
The Wassermann reaction was weakly positive, the urine contained a trace of 
albumin and a few casts Temperature 99-100, pulse 108-124 up to March 15, 
then 82-100 


April 8, he was transferred to the surgical wards, and one superior tlnroid 
arterj was ligated under local anesthesia May 2, one inferior thyroid artery 
was exposed, but the pulse became so rapid and feeble that the w’ound was 
hastili sutured without an attempt being made to ligate the xcssel The patient 
continued to improie slowh May 14, the left limit of cardiac dulness was 
11 cm to the left of the midline, the murmur w’as unchanged The general 
eondition was better than a month before For clinical data see Table 4 

Notice of his death in February, 1916, has just been receued 

C\sE A—I-Jisiory — Dr G S L aged 52, physician, had tephoid feeer twenty- 
fne years ago He smoked from six to nine cigars a dav His eyes ha\e 
always been prominent Three or four years ago when his' weight w'as about 
2L-. pounds he noticed a slight tremor of the hands and slight despnea and 
palpitation on exertion About one year ago the neck increased in'si/e The 
four thyroid arteries were ligated in January, 1914 (three months ago) but 
he was nearly exsancumated by a secondary hemorrhage from the superior 
tliyroid ‘Artery He was gu^n tjmnin hydrobromate for a month but de% eloped 
unehoMism Tlnroulcctm in September made him worse For tlic last week 
be h'' hid no treatment 


Pi 

1 'reo 


.oci/ L ,aiutmuioi — \pnl 9 tne 
The exprcs<ion is smrin" 
hebtle oa'-kered Derm Uocrapln? 
T Ue^e IS moderaic proirv,sjo inilbi 


patient is 180 cm in liciglit tall and 
the skin flushed v arm moist smooth 
IS present There is no hair on die 
slight eon Graeft’s sign comcrgence 
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Fig 4 — Chart in Case 2 Edwin T (continued) 
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weak tb>roid lobes and istbmus enlarged Heart apex impulse is 16 cm from 
midline, action regulai and beaving There is a soft systolic murmur maximum 
in tbe pulmonic region Pulse is 100, of large size Blood pressure is 148 mm 
There is a marked tremor of the hands and tongue and also of the legs when 
standing 

Ticatinent and Cow sc — After the calorimeter observation, April 9 the 
patient was given Dr Rogers’ thyroid “residue,” 1 c c , twice a day until April 16, 
when he returned for another test, his condition being unchanged except that 
the heart action was perhaps a little quieter 

In October, 1914, a thyroidectomy was performed The day after the opera- 
tion the temperature rose to 101 the pulse to 150, and the respirations to 
70 per minute He died a week later 

TABLE 4 — Clinical Data in Case 3 


1 


t Lniio N pin*- 10 per cent of food N 

Case S — Ilisfoiv — Peter N aged 23 with atypical exophthalmic goiter (^), 
.nochamc, admitted April 9, 1915, discharged April 25 His father is 6 feet 4 
inches tall (193 cm ) The patient has had sore throat sc\eral times He grew 
M.ry fast between the ages of IS and 18 At the age of 18 he became i\eak and 
non Otis, losing iii^ temper easily He suffered from severe headaches two or 
thiec times a week and his hands grew so tremulous that he has been unable 
to work for the last }car About a year ago he was m the Massachusetts 
General Hospital, where his respiratory metabolism was studied by Dr Means 
and found to be within normal limits The superior thyroid arteries were tied, 
and since then the headaches have been less frequent and the hands drier He 
IS not much stronger, and he sleeps only two or three hours a night 

Physical Eiamiuatwn — ^pril 25, 1915 the patient’s height is 6 feet 2 niches 
(187 7 cm ) He is tall and thin with no suggestion of acromegaly The hands 
i-c tapering The expression is anxious, there are no eye symptoms The 
tlnroids arc soft and slightly enlarged The hands and feet are sweating, 
dcrinatographia marked Cardiac dnlness extends 12 cm to the left of the 
niidhnc Electrocardiograms show a slight respiratory arrhythmia There is 
a marked tremor of the right liand and slight tremor of the left Roeiitgcn- 
o'.copy reieals a normal sella turcica There is a trace of glucose in the urine 
During his short stay in the hospital there was no change in his condition 
For clinical d ita see Table 5 

C\Sh^6-~Ut^to >\ — Anna K , aged 26 single born in Ireland nurse admitted 
\pnl 27 1914 whose mother, one brother and one sjster are ncrious had acute 
rheimiatic le\cr at 16 and has had one attack of see ere tonsillitis For the 
lavt ten yens she has been high-strung and easih frightened For see oral years 
die has had despiiea and p ilpitation on exertion About December 1913 all 
oi the^e ^enimonis grew worse, and she began to haee seecre headaches scante 
meases nnrkcd sweating and polephagia and polydipsia In February 1914 
d,e eeas Indie fnchtcned in a nniaeeae and the symptoms increased in s't^crlte 
xiK ins lost la noiinits ni e'^igln 
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Foi the laet two montli'; she Ins hetn th%rnifl “rcsuliK" In Dr Rotters 

Apiil 4 hotli siiptiioi .irinics wett lijtaticl t)\ Di Koitds m Iklitsiit Hospital 
Plivucal L uniMiKifuDi — 1 lie iialiciU is \trj linn, ft.itm sni ill cxjirtssion 
tired and nairotie, spttch jLiks ind itttlittd eoieevnh Skin moist L\oi>h- 
thahnos shjt:ht e\ehds iiiifiN, no eon (>raite’s smn toiiftne and hinds tretnnloiis 
Tlnroid moder.Ueh tnlarped esjitinlh on tin mhl L.itdi.ic nnjtnlsi, difTine 
inaMimnn in tlie fifth sp.m Ss iin to the hit of the inidhne '\ction rapid 
and rtgnlir 

Inalimiii and Caur^i — Xltcr the first lalorinuter ohsereation the two 
niftnor tluroid ntenes wire Intated \j»nl 2^ M i\ 11 the patient rclnriied 
to the calorimeter room for tin d.n feelmiLt less nervous ,nid more amhitioiis 
than hciore June 22 shi^ reported to Dr Ko'^ers wenthintt 112 pottnds pulse 90 
itcneral condition nnieh nnprtned 
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Casf 7- — — Anna R aged 29, unmarried cook nul saleswoman, horn 
in Ireland, admitted Maj 8, 1913, diseharged June 5 five sears ago had tvphoid 
fever and shortly afterward noticed swelling of her throat A year or so 
later her tonsils w'cre removed by a doctor who told her she had a goiter 
Since the attack of tjplioid she has had at times tremor, palpitation, restless- 
ness and loss of weight She thinks she has improved during the last two 
years A year or so ago her friends noticed that lier ejes were staring She 
has been able to work up to the time of admission 

Physical E\amination — The patient is tall and thin, exophthalmos present, 
von Graefe’s and Stellwag’s signs present There is slight tremor of hands 
and tongue The heart is slightly enlarged, first sound of poor quahtj The 
thyroid is moderately enlarged 

Ticatment and Coujsc — May 8 to 11 temperature is normal, piilsq from 84 
to 88 respiration from 20 to 22 The first calorimeter observation was on 
May 10 On the 12th under local anesthesia Dr Rogers ligated the left superior 
and right infeiior thyroid arteries and remov'ed the tip of the left upper pole 
May 16, the two other vessels were ligated and the tip of the right pole remov'ed 
After the first operation the temperature was 99 to 100, pulse 100-112 respira- 
tion 24 to 26 After the second operation she was giv'cn half a gram of the 
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Loomis Laboratoiy special thyroid extract every four hours until May 18 
She menstruated from May 16 to May 19 For three days after the operation 
the temperature was 99 to 102, pulse 96-130, respiration 24 to 32 By May 20, 
at the time of the second calorimeter observation, the temperature was almost 
normal By May 25 she was up and about the ward 

After leaving the hospital she spent two months in the countr}'^ and gained 
weight up to 117 pounds Since then she has been at work and has lost 

2 pounds, but has not felt nervous except when she works hard May 14, 

1914, she returned for a calorimeter observation The scars of the operation 
were well healed, the left lobe and isthmus of the gland were moderatelj 
enlarged and the right lobe considerably enlarged She was still thin and 
nervous, and the voice weak and husky, but she looked a little better than 
a year ago 

A week or so after the last calorimeter observation she was married, and 

did well until her husband lost his job on account of the war She started 

work in the store again, and her weight dropped to 104 pounds and all the 
svmptoms returned In March, 1915, she reported at the ward very thin, very 
nervous, hands very tremulous, skin moist, pulse very rapid and small 

Case 8 — History — Sarah M, aged 29, chambermaid, unmarried, born m Ire- 
land. admitted April 29, 1914, discharged May 4, nine years ago came to America, 
and eight years ago began to suffer from loss of weight, nervousness, weakness, 
tremor and enlargement of the neck Three months later she was operated on, 
and apparently part of the thyroid gland removed She recovered quickly, anc 
for the next six years enjoyed good health One year ago she began to have a 
return of the weakness, nervousness and loss of weight She became excitable, 
sweated easily, and slept poorly At times she had palpitation She thinks the 
neck has swollen again 

Physical E\amxnation — April 29, the patient is tall, fairly well nourished, and 
, does not look sick The eyes are a little brighter than normal, but there is no 
exophthalmos, no von Graefe’s sign and only slight weakness of convergence 
The left lobe of the thymus is absent, the right lobe moderately enlarged There 
IS slight tremor of the tongue and hands on excitement The heart is not enlarged 
and IS not overacting, pulse from 86 to 97 The skin is a little moist and not 
flushed 


Ticatmcni and Coni sc — The afternoon of the calorimeter observation a par- 
tial thyroidectomy was performed b\ Dr Rogers She made a rapid recovery, 
and uhen she reported in February, 1915, she had no subjcctuc or objective 
Si mptoms 

C\sn 9 — Historv — Marion B, aged 22 unmarried admitted Feb 4 1915 
discharged February 5 was sent down from the Prcsbjtenan Hospital, where 
her case was studied in detail In Dr Gcielin In 1912 the heart began to beat 
fast she sweated easih and began to notice swelling of the neck Four opera- 
tions were performed at the Preslntcnan Hospital In Juh, 1913 two arteries 
were ligated Two months later the right lobe of the gland ivas remoied In 
rcbruari, 1914, an appendectonn was nccessari In Juh 1914 part of the 
left lobe of the tlnroid wa"; rcnioied and she felt better until September, 1914 
when her nerioiisness returned At the time of her admission she had been 
menstruating four dai*; 


Ph\s cal i:\oimhalwit~Thc patient is short and rather stout excitable She 
In'; a nerioin staring angre expression The exophthalmos is marked the 
pupils iTc dilated the skin moist the piihc small and soft 

C\s' 10— Z/iv/on —Margaret L aged 51 married wuh at\ pica! exophthal- 
mic goner ''unciihr fibrillation and mitral insufriciene\ admitted March 25 1914 
uie'd Mai 1« 1914 She had three children in goon health A tear ago she 
began lo letl nerioin ana lost appetite and weight She noticed a rapidh grov - 
1 g ^.lelbng on tie rignt side of the neck This v as remmcd In operkion m 
J. h 1‘>1 > Sn.ee then she ha- been wor-c and has \iolcnt paljntation of the 
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lic.irl ill the time A niniuh ago she bcftan to ha\e Ini'-Kim.ss of the \ nee, 
';\\oncn aims aiul k^s mu\ trmdi lUspiua 

Pltv^ttol Riaiitinaltoii — 1 lit patunt is will cIe\iIoiiL(l ami veil mmnslud. (lull 
mentalU, slow oi spticli tlu \oici husk\ Init not hr ‘^km thick, hard dr}, 

feels mwedemUous Slight c \ophthalmns, no \on fe or Stcllv igon sign 



Fig 5 (Case 12) — Benny L Cretin holding ruler marked in inches 

Right lobe of thyroid absent, left lobe slightly enlarged Heart much enlarged 
with an irregularity shown by tracings to be due to fibrillation There is a 
systolic murmur at the apex There is some fluid m the right pleural cavity 
She IS dyspneic and looks seriously ill 
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T)cafmcnt and Com sc — At first she was gnen thyroid ‘ residue,” but for three 
weeks before the calorimeter observation received no medication except codein 
and ammonium carbonate to control the cough May 5 a small thymus gland 
was removed Histologic examination showed “fatty infiltration of the thymus, 
thjmic tissue appears normal” After the operation she developed fever, rapid 
pulse, grew weaker and died There was no necropsy 

Case 11 — Histoiy — Miss B H, aged 31, trained nurse, admitted April 4, 
discharged April 20, 1914 In childhood had pertussis, scarlet fever measles, 
varioloid, mumps, bronchitis typhoid fever at 15 years, appendicitis and peri- 
tonitis at 20, many attacks of tonsillitis and finally tonsillectomy at 22, and diph- 
theria at 29 For the last two or three years she has worked verj hard as a 
nurse on difficult cases 



1 ig 6 (Ca«c \2 ) — Benin L Cretin 36 \ cars old (continued) 


In 1910 she noticed that tlic tlnroid was enlarged In August 1913, while 
mirsincr a Ivpboui i aticnt she bec m to have severe diarrhea with eighteen movc- 
nienis a dav Siie vomited continualh the pulse was verv rapid and she v as 
excitable and we tk Alter prolomied rest these svmptoms w'ould clear up enough 
to -.llow her to work once more In Januarv 1914 the right s,dc of the thvroid 
Hcame emareen and ptmiul nervousness mereastd and she lost 20 pounds' In 
le.rni-v lOU nglii lobe of the gbml was removed Two davs later the 
voice whic-i b-^d aee i char droppM to a whisper and did not return to normal 

'r ' f im -,^'7»''^ctomv the puhe r-te dropped from in a.er- 

-- ot 1-n ,o /_ .nd sne Ins had bm little p-lpitation and no sensation of undm 
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waimtli 1 liL nLiNOiiMKss li.i*- l)i.t;un jii*-! .i*' l)arl \iul vlu li.is diarrlic i \sliciK\Lr 
she takes tats '\i the time ol admission to HiIIimr she was nnidi depresstd 
o\er the loss of lur \oiec whitii she feared w.is to lie permmeiit 

PliV<!tcal nxnutiitaltoii — April A 1914 the pitunt is ot moderate iieittiit (1592 
cm) thin looks tiied and nervous, ,it times i\eitihle hut ,ilwa\s anxious to 
cooperate in treatment or ohserv itions lliere is i \er\ shnhi c" ophtliahno';, 
slight widening of tile palpthi il lissnie eves bright lu) von (iiaefe s sign There 
IS no enlatgemein of the tsihmus ot lemannng lobe I he he irt is nornnl nid 
not rajnd 1 here is no del m itogr ipina but it tniits tin re is tremor 



Fig 7 (Case 12) — Benin L Roentgenogram of hand 

Ticatinent and Coui^c — While m the hospital she was verv nervous, slept 
poorly, and at times v'omitcd The temperature was normal pulse 72 to 92 
respiration 22 to 26 Until the completion of the second Ccdonmcter observation 
April 13, she received no medicine, then thyroid “residue ” 1 c c hypodcrmicallv 
twice a day until the third test While in the hosjntal on a low diet containing 
about 4 gm of nitrogen the urinary nitrogen was from 3 to 4 gm a dav 

After leaving the hospital she went to the country, and her appetite improv ed 
and she gained strength and did well except for a sudden severe stomatitis 
which loosened her teeth In March, 1915, she reported looking thin but almost 
well She is able to do light work nursing if she rests betw cen cases Her phy- 
sician now attributes many of her symptoms during the past year to hysteria 
Case 12 — Hnioiy — Benny L, aged 36 (^), with cretinism, Hebrew, admitted 
April 8, 1914, discharged May 2, was taken to the Children’s Hospital on Ran- 
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clall’s Island sixteen }cais ago, and during that time has had no visitors, so that 
his previous histoi\ is unknown He has not changed since his admission, and 
he is \ery happj plajing with the hojs and going to school, where he Icaiiw 
practically nothing He can write his name, dress and feed himself and he cor- 
responds to a child of about 7 jears in the Binct test In 1906 an attempt was 
made to transplant sheep's thjroid into the pcUis of the left kidne\ and later into 
the abdomen There were no faAoiablc results He has had inimeious courses 
of treatment with Paikc, Dans S. Co thyroid cxtrael, but on doses as small as 
from one-half to 1 grain three times a day de\ clops taclncardia, weakness and 
often faints 

TABLE 6 — CiiNiCAi Data in C\si 12 (Bixx\ L) 


Date 

Tcmi'ioruturc 

TOiui 

Ciilorlcfc 

Cnrb , 
Gm 

Tut, 

Gm 

rood 

N 

Grine , 

N 

Bmb 1 
W riKlU 

UruiP, 

\ olmiic 
c c 

Min 

Mii\ 

■1/ S/14 


'»') 2 








')/ 0/11 

OS 1 

03 0 

2, J«1 

220 0 

120 0 

12 5 

7 90 


1,200 

4/10/11 

OS 4 

OS 4 

1,118 

112 0 

'3 0 

GG 

'. 95 

23 19 

'i(.5 

4/11/14 

OS 2 

98 2 

1,227 

125 0 

'41 0 

7 7 

0 I'l 


920 

4/12/14 

OS 2 

OS 2 

1,3'iG 

110 0 

(>'i0 

1 

(> Gf. 


1,000 

i/n/ii 

2 

'IS 2 

l,i0G 

ri2 0 

70 0 

87 

(.89 


1,070 

4/14/14 

03 0 

90 1 

1,129 

102 0 

37 0 

18 

1 (.7 

23 34 

7‘r» 

l/lo/ll 

08 2 

'IS 4 

1,''.G0 

137 0 

(.3 0 

82 

3 53 


710 

4/lG/ll 

OS 4 

00 0 

1,229 

130 0 

o5 0 

73 

1 

0 3G 

1 

950 

4/17/14 

07 0 

OS 2 

1,031 

100 0 

51 0 

5 0 

5 83 

24 21 

935 

4/18/14 

97 8 

08 0 

1,128 

100 0 

55 0 

08 

51(. 


8(0 

4/10/14 

08 0 

98 0 

071 

010 

17 0 

5 8 

7 01 

1 

1 

1,195 

4/20/14 

08 0 

<)B2 

1 

1,100 ; 

117 0 

57 0 

1 

GO 

on 


1,195 

4/21/14 

08 0 

08 8 

G13 

GOO 

23 0 

G1 

5 39 

21 00 

070 

4/22/14 

08 0 

08 G 

1,187 

119 0 

54 0 

78 

G19 

1 

OCO 

4/23/14 

08 0 

08 2 

701 

57 0 

33 0 

4 4 

4 82 

24 30 

770 

4/24/14 

07 (■ 

98 0 

l,0'i0 

103 0 

50 0 

() 5 

5 05 

1 

815 

4/2-)/14 

07 8 

98 0 

1,187 

135 0 

50 0 

G4 

r. (.0 

1 

1,040 

4/2G/14 

98 (> 

OS 0 

903 

103 0 

44 0 

50 

4 01 


820 

4/27/14 

98 0 

<18 G 

830 

128 0 

25 0 

32 

4 13 

23 (.1 

G72 

4/28/14 

08 0 

08 G 

728 

(,8 0 

3G0 

1 5 

4 04 


700 

4/29/14 

98 0 

100 0 

018 

59 0 

31 0 

3 5 

5 32 


1,350 

4/30/14 

99 0 

100 2 

1,001 

990 

53 0 

(>3 

Oil 


1,400 

5/ 1/14 

100 2 

1010 

3SG 

37 0 

17 0 



23 00 

! 



Phystcal ExamtnaUon —The patient (Figs 5-7) is short, 110 3 cm tall (3 
feet 7V^ inches), stout, with prominent abdomen, short, trick extremities and 
short pudgy hands, the face is broad, wrinkled, with thick lips, broad nose, baggy 
eyelids, teeth widely spaced, in poor condition with much gingivitis and pyorrhea 
The thyroid is not palpable, heart normal, abdomen shows slight umbilical her- 
nia Scars over right kidney, skin very dry, harsh, inelastic with fine branny 
desquamation There are pads of fat on each side of the neck, and otliers lust 
anterior to axillae External genitals resemble those of a boy of 7 there arc 
no male secondary sexual characteristics Blood pressuie is 125 mm Wasser- 
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ii'triiiil I liihi HI hi iiu' ihlt Jo >15 f|iMt ' t»>t hour <{ > tum Ih pri v tiri.fl rnihtr 
taiK Ills ippttitf \ ts\<r%vn!,ill h.sh'>ai! \pril 27 mtlanttir- 

noi II jhf tfhiiiuis'r iiioii i»i iluioift cstf.ul v i h t'liii I prim ihrct. titiv s i 
i! !\ . thi tuiipi iltirt luM ;o !h< hi. lot U>t I j,uh. 10-) n spir itioii IK hloof! 
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a a ni.UUr oi ttihnu tl (liituuU\ 1 lu j> lutin', ate cMulihU'. rosilc'-' 
.iiul tavil) tntil I'di this n.i'.oM h'lt il nui'-i he lueii when no'.c 
f‘i tiu>mliiiui.t (It fact nii'-l.'. .ire tniploxeil '.nut these ma\ prove 
inieoinsori.ihk tov ml thi tiul ot .in e\ptnnant ot seriis of c\peri- 
inents 1 he respir.iUon t.ihinnuier. .ilthoiioii ptrieeth tonifori.ihie 
toi .1 tinrin.il pel son for h\e honi'. ofun tires i goiter patient 
alter three hours I ottimiulv tla* .tppii.iuis is vo rleiaate and .acii- 
late th.it tla ine.isvntnKiU oi the ia.it piodite-tion h\ the method of 
indireet talonmetrs is s.iusfattoiv .it lei .i prehnnn.irv ptnod of three- 
loniihs houi IXpe imams one hour lonp; tonUl he tmplovcci, luit two 
houi ohseiv.itKiiis .ire mote satisf.uioiv snue the nanhotl of direct 
t.iloinneliv a not as aetur.ite as toiiid he wished m (he first c\pcri- 
nant.il hom '1 ha will be diseiissed l.iier 

1 here is a distmel tendeiuv lot the ji.UaiUs to heenme more lestlcss 
as the ohsciv.ilion ])ro"resscs. and it will he noted that the metahohsm 
m the f.istmtj cNiieimants is nsualh liit^lau m the sce'ond hour than in 
the fust riietc is also a tendenev on the ji.irt of patients as well is 
noim.il eontiols to show a shdhtl) hif^hci metahohsm the first time they 
arc the subject of a real c\i)cnment, .ilthou^h thev arc all trained by 
a short “dumni} expenment” a d.iy or so picviously Goiter patients 
on some days arc distnatly moic disquieted than usual, and one gets 
the impression that on such days the increase m nictabohsm is due 
jiaitly to the icstlessncss and paitly to an exacerbation of the disease 
vvhieh causes both restlessness and increased heat production 

It has long been reah/ed that tremor and mvoluntaiy activity on the 
part of goiter patients might be responsible for a considerable portion 
of the increase m metabolism Magnus-Levy discussed these factors, 
and found that the increase m metabolism is almost as marked 
when the patient is sleeping or under the eftect of opium He found 
also that the tremor of paralysis agitans increased tlie oxygen 
consumption only from 20 to 30 per cent A careful scrutiny of the 
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results reported in the present work shows that rcstlcssne^^s. tiemor and 
mental irritability contribute only a small peicentage of the increase 
m most of the cases The actu ity of the patients as checked b> the 
delicate \\ork-adder and by careful obsenation All of the patients 


TABLE 7— Tnr I^FLtil^’Cl: of SirEP, Restifssnvss, Etc, ox ^^Iftabousm 

IX Hocria' PiRTons 


Subject 

nnd 

Date 

Calorics 
per Hour 
Ind 

Per 
Cent 
nbo\ c 

1 owest 
Figure 

W ork 
Adder 
Cm 

Belinvioi of Patiint 

Case 1 (Ma\ W ) 





Tcb IG 

114 (• 


31 

A little r(elle>>'- iinolunt ir\ tremor at 





end of period 


121 1 

<) 

14 

A little rc'tle-'- 

Feb 20 

101 9 


1 

10 

Calm nnd riuiet 


111 2 

9 

O') 

Calm, sliglitlj c\citcd b\ M^itor for 





tfn minutes 

Feb 21 

120 8 

3 

20 

\fter doKtro-c, quiet 


117 2 


1 > 

\ftcr dcMroEC, \er\ restless 

Mar 4 

101 1 


1". 

Vsicep the whole hour 


100 2 

5 

-.8 

Awake, pulse rapid last half hour 

April C 

92 2 


25 

Quiet, nslcep 50 mlnuto= 


094 

8 

"ri 1 

\or\ restless 


101 4 

10 

*>1 4- 

Verj restless, untomfortable 

April 23, 1013 

102 8 


21 

FalrU quiet, asleep 30 minutes 


1110 

8 

S3 

rnirl> quiet, nslcep 5 minutes 

Case 2 (Edwin T ) 





Mar 3 

93 6 

5 

23 

Quiet, reading 45 minutes 


89 2 


30 

Asleep 50 minutes in oo minute period 

Mar 0 

£0 2 

0 

0 

Rending whole hour, ^er\ quiet 

1 

602 


19 

Asleep 35 minutes, fnirh quiet 

Mar 10 

7*> 4 


10 

Sleeping, sllghtlj restless 


87 3 

10 

18 

Rending 55 minutes 

Mar 22 

70 8 



Sleeping, vcr> quiet 


88 0 

11 

10 

Rending 55 minutes, quiet 


94 S 

20 

30 

Asleep 

May 11 

90 2 


15 

Restless, stretched arms 


1151 

20 

34 

Restless, loinited shorth ifter exp 

Case 3 (James McE ) 





Mar 12 

95 8 


14 

Rending quictlj 50 minutes 


98 0 

3 

23 

Rending quietly 30 minutes 


101 7 

6 

80 

Xot reading, fnirlj quiet 

Mar 31 

880 


10 

Rending 00 minutes, quiet 


95 6 

8 

26 

Reading 32 minutes, restless 

Case 4 (Dr G S E) 





April 16 

104 8 


29 

Fairlj quiet 


109 3 

4 

58 

Sllghtlj restless 

Case C (Anna K ) 





April 28 

102 6 

1 

SO 

Restless 


iOl 5 


38 

Quieter 


were as quiet as the normal controls for at least some of the periods 
of obserAation Most of them slept quietly during a considerable por- 
tion of some periods When we compare the sleeping and quiet periods 
with those in which the patient was awake or excited or restless we 
find no constant and striking increase large enough to change our intei- 
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prelation of ihc rc‘'uUs All of the cxpcnmcnls which show significant 
chftcrcnces between the v.inoiis periods cither in the heal-piodiiction. 
work-adder leading oi aclniU of the patient as noted in the protocol 
ha\e been grouped in lable 7 Some of the patients were allowed to 
lead while in the caloiimetci, since it was found that thc\ were quieter 
if their minds weie pleas, uitl) occuined It will be seen that the metab- 
olism was about the same during the leading periods as during the 
peiiods of slightly restless slumber chaiatterisiic of this disease 
Edwnn T (Case 2) was ilie onl} subject wbo showed an increase of 
inoie than 10 pei cent on .iccount of moiement f )n M.irch 10, reading 
seemed to increase the caloiies 16 per cent March 22, the reading 
metabolism is about half wa\ between th.it of two widcl) \ arcing 
sleeping peiiods, and Mav 11 it lose on account of n.iusca in the last 
period 

The lesulls of all the resjjiration experiments aie snmniaii/cd in 
Table 8, and the axer.ige metabolism on the da\s of the basal deter- 
minations compared to the iioimal .icerages discussed in the thirteenth 
paper of this series It will be noted that in .ill the thin patients the 
rise aboce the normal is less marked when the mcMsurcments are made 
according to the liiieai formul.i th.in if Meeh’s formula for the deter- 
mination of the surface ,iiea be emploccd If we confine our attention 
for the time being to the basal mctaholism during the first week that 
the patients w'ere in the hospital, wc can compare the cases here 
reported w’lth those already described m the literature In all there 
IS a total of forty-fi\e patients whose lespir.iloiv metabolism has been 
studied, fasting and as quiet as the circumstances would permit It 
has seemed best to gioup these in Table 1 ai ranging them accord- 
ing to the calories pei square meters of suifacc aica as calcu- 
lated from Meeh’s formula The calculation of the calories has been 
made from the tables of Magnus-Le\y,-" using the oxygen consump- 
tion and respiratory quotient, assuming that protein furnished about 
15 per cent of the calories This gives a more accuiate basis of com- 
parison than the mere statement of cubic centimeters of oxygen or 
carbon dioxid per kilogram and minute Still better comparisons might 
be made if w'e could use the linear formula or its modification , but this 
IS impossible because many of the authors do not give the heights of 
the patients We are similarly handicapped in the tabulation of other 
symptoms, since many of the clinical reports are \ery brief Still it 
is possible to make a fairly complete chart wdiich allow'S us to see wdiich 
symptoms accompany the cases with high metabolism The plus marks 
are necessarily my owm interpretation of the author’s statements 

26 Magnus-Levy Von Noorden’s Handbuch der Pathologic des Stoffwechsels, 
Ed 2, 1906, 1, 207 
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\i tliC iicad o{ slu h-{ tonu*' nirnltblV'' p.'ticnl Loum V> ‘'horll} 
l*ef«srt i'lCt rlcati^ v. sth th« nu'-t t\t;unc s ) ai h\ pc; ili) jujdi-ni 
'llurc arc cv^ht f'l.u < jUiCoI'- v.Iuim tiu'S,»ho!j<.ni »n UicUti than 
5f)5 oluru*' pel *-q» ire nictcr pui in»tir, a 75 pet tent alunc the 

r”icrauc ff>r v.otiun t '» ihc^' all ar< » i;i'-‘'5tu d 'i'- ‘’cvetcur \ci\ '^i\cic, 
c^etjU one (k “ ttnilnh* ‘•ehv.t: “ Ml ^hov. .> \< t\ r.*ps<l jnik^ 

tii\r<>ai c5tlr'ri:cnxal, t ' ophihahno*' naa'al irni.>(»jht\ , v.arnitii ai ‘•kni 
iTcuv’ '>nd cnr'Cjatsnn ] inoK J■*tun^‘' arc ahf>\t tha fj^uto 

v.hsiS' retire *- c jt*'' a 5t> pu nit in nutalmh'-ni t if thc‘'C\ 

<*4ic cl.s'-^nica Stre 'evert hvt .>rc 1 1 .i< '-eveie. and five 

a" nioikritcK '■eveit M itli n»<«'* o; ihc'-e the pn!-e late avc’iaqe'- 
'Kcr HM a'vl tiicre - re of tnlaupnum (loitoi, inetU. i 

irrst.dnli'v , tienm! ,>n*l varinth *>3 '4 in an nn'.int in all r'-nphtb.d- 
nios i'. ah'-eiit in f»ne, and the tniseiatui.i i" 'hijht a'- a ink 

Tile fa^nte 2 reprt e.it'- tin upjK'r normal limn fttr men. and 
5' 5 th’t for wtimea Iktv.een tin i niirk'- ami that imhcatmu a 
5*^1 t’cr cent imie •'■e tllere are ''nteeil pitunt'-, *-l\ etvele, one' nioder- 
<tel» '-eveie, ftitir mild .jmi tile oihei'- 'tvpual, “f(»rme fni'-lc” or 
^nnjde i:oHei In ti'cm tiu t ulive tnha n not ^o m irked, .'ml e*\ophtlud- 
mo> ami cm hi tion .»re imoii'-tmt (loitei. mental irritahihtv, tremo; 
:md vv. ninth of '-km aie prc'-eiit 'I here are e‘i{j;ht ‘•nhtcet'^ within 
norm il hmii'- Amonij tlu'-e aie tour mihl v i-c"- of t sojdith.ilmic 
ijoiter. two of ejiitplc uniter, ami two e ne'- m whuh operation had 
keen pei formed, taic tjf thc'-e hemu atvpieal from the start One 
patient n hekiw the noimnl limit Mairinn-kew in one aitiele e'laseinc=: 
hei eaec a*- half wav between Kropf and “forme fni'-tc," and m 
another .irtiele a^; ■'imple goitei and lefer-^ to her a*- hvHteiu.il 

A^c 1 ^- .1 factor which thanuc'; our interpretation of some of the 
ic‘:ults 'I lie ho_v M 1’. aged 1P,_> ve.irs, with a small struma, is 
really a little below the average level for his atje I'rau H and Frl U , 
aged 52 and 55, icspeetivel) , arc at an a^c when the normal metabolism 
IS from 5 to 10 per cent lower than the average figure foi younger 
w omen 

The patients whose metabolism is within oi below the normal limits 
show but slight tachyeaidia, slight if any goiter or exophthalmos and 
no unusual w'armth of skin Two show mental irritability .ind trcmoi 

\Vc must not forget that some of the symptoms of hyperthyroidism 
are due either wholly or in part to the increased metabolism The 
sensation of unusual warmth, the hot, flushed skin and the sweating 
are caused by the fact that each squaie centimeter of skin must ladi- 
ate more heat than in a normal person These phenomena are found 
with an increased metabolism fiom almost any cause, although it is 
quite possible that in exophthalmic goiter they may be more marked 
for the same degree of inciease In like manner the loss of 
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weight IS due to tlie l.ut th.it the ini.rc.ised hc.it pioduclion is not 
bal.inced In an iiure.iscd c.iloric int.iKc .iiid .di'-orption The ap])ctitc 
of the goiter ji.itieiit would Keep the weight st.itioiinr} ar esen t rinse 
.ill increase were the niel.ihoh''in normal Ion vonie re.isoii the ripjictitc 
.iiid ribsorptnc powers m h\ pcrtln roidKiii .ire not iiuite sulTicient to 
maintain weight, although biboring men with n mueh higher caloric 
requirement jier d.iN remain in nutrituc e(|uihbnum I'liis m.u be 
accounted for m ji.irl In the mcre.istd nitrogen met.ibolisin, winch is 
usu.ilh ascribed to .1 toxic dcstaution of protein I'.irt of the nicrc.isc 
in pulse rate is .iKo due dirccth to the nuie.iscd met.iboh''m winch 
necessitates a grc.iter blood flow 1 his, howc\cr, would not account 
for all of the me lease, since musciil.ir work, raising the nictabolism 
from 50 to 100 per cent , seems to nicre.ise the pulse r.ite In oiil) 
10 to 30 beats j)cr minute Still we must remember 111 discussing the 
taclncardia and c.irdi.ic cnl.irgeinciit th.it the continued sliiniilation 
of metabolism in In pertln roidism is \er_N dilTerciil from the stimula- 
tion due to miiscul.ir c\ercise winch lasts tor onl\ .1 fraction of .1 
day If it were possible to stimul.ite the met.ibolisin of .1 normal man 
tw'cnty-four hours a d.n over the period of .1 }ear or more, we might 
perhaps reproduce the cardi.ic scinjitoms of h) pcrih} loidism as well 
as tlic w%anntli of skin and loss of weight 

The more we stucl) the table, the more apjiarcnt it becomes that 
the increase in met.ibolisin is proportion.il to the scccrity of the dis- 
ease The only exceptions ni the group arc found in doubtful or 
atypical cases, or those that ha\c undergone operatne trcatnient Very 
severe cases show a metabolism 75 per cent or more abo\c the a\crage, 
severe cases 50 per cent or more, niodcratel}’’ se\ ere .and mild cases 
show' an increase of less than 50 per cent , wdiilc a few’ mild and 
several atypical or cases 111 w’lnch operation has been performed are 
wntlnn normal limits The degree of tachycardia, goiter, exophthalmos 
and mental irritability are roughly proportional to the increased heat 
production Unfortunately w'e have not enough data to compare the 
level of metabolism wnth the degree of mononucleosis, the sugar toler- 
ance, the drop in blood pressure from large \essels to the periphery, 
the eye sympoms and many others that aie considered of prime 
importance by various authors 

THE RESPIRATORY QUOTIENTS 

In the patients with high basal metabolism, the respiratory quo- 
tients are necessarily low after a fast of seventeen hours or more 
Most of them are close to the figure of 0 77, which indicates that 
about 17 per cent of the calories are derived from the combustion 
of carbohydrates With normal men the quotient under similar condi- 
tions vanes rather widely, but averages 0 82, showing that about 32 per 
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\,cjis f*J ilu c^iloi ii j loni t ln*i5\ «lr.jU Hu n los*’ t 
.j.iiJCiJl'- V. ho an Ivv pt s.i i>i <i sn 5lu h.o'-p.sal t ’• S'!'. nih h *<, 'x.uiahU 
uKto'jcn amr <i fa'-t *<; hoiu*- !!i >»• ja^rni tl jnt 'i v.l^o iisvi 

htcn i'j> ?w\ ah{»*st ouTj’u: U.t . !.«i ra<ainni: in fo'<, litr t '‘pcrs* 

nuat I im ni.’% ht. «iu» <u}ur to ,h< » ’ th <{ tPt 'In rou! 5 >*''ks**'- hm 

ukuITu Jtat ras«j >!»i» tj.c txtasjii' v.uh .* ji lUlc t "tort *>• 

i:)\cfiUt*n oi tht 'hr; tlH\ tt-t isj‘ tht •'t’l^h ot ;ju* ;o..,| .'nr! ', 1 , 1 . stoufl 
U'Kcd^ca more r. th m th< lOjoroh 1 <n r«-p!r>!nr\ fiiioiunt' 
here rcpo'terl i^ivi Jt" sn<ih 't'.on <»t .ni*. n't’hts't.i eh, i rye tn the 
nit t*' huh*' at 1 ht im*. t'-* 5e i nnotu’U i*- .'iiu t!a^ n 

t\act]\ \vh»t sir.^hl W ojcetti' ;a p.'tjeut- v iti) < Mn t.in’*:h, hj^h 
jiittaholi'in In ( .'*-t 1 < M.‘\ i thi ntnitti n*'- ro'.t i«t «ni om 
da\ ,«jui oa nnotiur .itto ilu nun '-■son of ^,n oi «k\{iost 
I Ik* hnttr fuitut ■'how that ptr tent o; ih< eahnu*' v a-- hiuu' 
fkruid from < .iri'oi'N <ii ste from tuo to three hour*' .'jtir iha *'U' 4 .!i 
was t.ikerj I he nruu i>o*-eii jn»nKfh*'!t k .estt r v,.'r<! eoui.njtifl a*^ qm 
qluto'-t. hut n evident ih.'i thi*' qheei'-un.t not *itn to .un 

inijMinueni ot the jiov.er to nietahoh/e i.sriioh) 'Iraie^- I he e\pl.nia- 
lion mint lie '-ouqin in .m ahmumditv of mti]»ih/ation ( ranter and 
Kraim-' diow that after the niqe-tion ot th\t«nii ‘'Ulnt.nue tlic liver 
no lonqer retain" qhtoqen a" before 


mM<n .\M» iMiriun t\ioKiMirK\ 
tJnc eomnhuliun to tilt "vume or mttaholnm vvhuh van he made 
onls In a re"|)iration ( .donmeter js .i tornparnon or the drretl .ind 
rndrrccl talonmttrv 'J'he former method deptiuK on the drrett 
rncasirrernent of the heat of r.uliation, londintion and vapon/atron 
'1 he latter dejreiuK on the rnta^^urernent of earhoii droxid and o\\qen 
and the caltuhilion of the foodstul'le metaboh/ed eath hour It ha^ 
been ‘ihown in the foiiith jtaper of this senes that the two methods 
agree within 0 17 per cent when normal controls <ire studied in jierrods 
lasting three hours or more In the seventh paper it was shown that 
the method of direct c.ilonmclry gave a total w^lmh w.is 2 2 per tent 
less than the indirect total in tyjihoid fever, and th.il the aveiagc 
divergence of the two methods in the individual expennients w'as 
5 per cent In the cases of hypcithyroichsm here leportcd, the total 
number of caloiics measured is 8,052 according to the indirect method, 
and 7,823 accoiding to the direct method, wdneh is 2 9 per cent low^ci 
The individual experiments show' that the aveiagc divcigcnce is rt 4 1 
per cent With the cietin Benny L , the dncct calorimetry w'as 1 5 pci 
cent higher than the indirect When one considers the technical diffi- 
culty of making short respiration chamber expciimcnts on sick patients, 
the close agreement of tw'O absolutely independent methods is veiy 


27 Cramer and Krause Proc Roy Soc London, 1913, B , Kwvi, 550 
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Sinking Ihc fact that the direct caltirinictrs is shglith lower can be 
a‘;cribecl to tcclinica! eirore in the direct method, which Iia\c been dis- 
cii^'^cd in previous papcis It nm be due to an unmeasured loss of 
heat to Ihc bed and bed clotliing or to .in error in tlic mcasuremciir 
of the average temperatuie chaiige of the bodv The eficcl of tlic^c 
errors is mimmi/cd m long csperimentc such as arc used in normal 
conliols. hut it is nccc'ss.iry to use short c\[)erimeiits with patients 
The slight disagreement does not point to .m_v flisturb.incc of the inter- 
mediary metabolism The law of the conscrv.itinn of cnerg) holds 
good in exophthalniie goiter 

W VTHK nUMlNMION THUOl r.I! SKIN AM) LLSG^; 

In the thirteenth pajici of this series it w.is shown that under the 
alTnosphcrie conditions jirevailn.g in the ealonnictcr expernnents, nor- 
mal men eliminated on an .iverage 28 1 gm of water an hour through 
skin and lungs Of the total calories j)roduced, the average percentage 
dissipated through v.qiori/ation of w.ater was 23 9 Few of the 
experiments showed a deviation of more than 10 per cent from 
this mean 

In h}perth}roidism the heal production and water vaponration 
arc both increased, and in Table 9 we see that thc} arc increased m 
almost equal proportion Ihc avcr.igc water elimination of the severe 
and modcratcl) severe cases is 399 gm per hour On an average, 
25 7 per cent of the heat is dissipated through vaporisation, or almost 
the same as in the normal controls The percentage rise in water 
elimination through skin and lungs would seem to be a v'aluable guide 
as to the extent of the use in tot.d metabolism 

SPECinc DYNAMIC ACTION OF I’KOTEIN AND DEXTROSE 

Owing to the v^anations in the basal metabolism of goiter patients, 
the results of this part of the investigation are not as clear cut as 
might be desired In Table 10 the figures obtained on Max W 
(Case 1), Edwin T (Case 2) and the little cretin, Benny L (Case 12) 
are given It is difficult to select the proper basis of comparison for 
these three groups Should we use' the same actual amount of food, 
the same amount per kilogram, per square meter of body surface or 
per calories metabolized per hour^ Should w'^e compare the results in 
terms of percentage increase in metabolism or in the terms of extra 
calories^ In the two exophthalmic goiter cases the protein meals 
produced almost exactly the same percentage rise as in the normal 
controls With Max W (Case 1) the metabolism was higher after 
the meal containing the protein in the form of casein and egg albumin 
than after the same amount of protein as found in beef Edwin T 
(Case 2) showed just the opposite, but the meat contained more 
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nitrotjcn than the tastui nital \\ ft .»‘«e 1) ‘>ho\\cd .i ‘•oine- 

what ‘'niallei peaentae'e lae iii nittahohsm tlian the itormal controK 
after 100 "ui (le\tro‘<e i he Inulunj" on the small crrtin Henn) L 
(C.isc 12) are chfl'ieiilt to interpret on attouiU of ha low calorific 
culput, but he seems to show results not tar fiom the normal 

It appe.ir^ that the specilu fhnamic a<tion of protein and <le\lrose 
IS approximate!} the s.nne .a m health '1 here tertainh no marked 
increase such as some writers-*' ha\e vurinaed. and tlieie a no marked 
decrease such as a founrl in tjphoul fewer '1 here a little d.fierciiec 
between piotem in the form of me it .md in the form of c.aein and 
egg albumin 


TABLE 10 — Sncuic D\n\mi< Nctio' oi I'rxiDs ix llM-niTinpoiDan 
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* Subjects U(rc {.hen 11" f,iii coinnieriliil k1uco'' 0, ulilUi iiro cqulvnlent to 100 cni pure 
filuoose 


1 Crotlii 

THE LrrncTS or iueatment 

Max W (Case 1), after a stay of four months in various hos- 
pitals, was in the Bellevue metabolism w'ard for five clays before the 
first determination of his basal nietabohsm He received no treatment 
except good food, mental quiet and rest in bed wnth permission to get 
up and evalk about for a few minutes at a time In seventeen days 
the metabolism fell 12 per cent After this he received the Beebe 
serum treatment with 1 grain of potassium lodid twnce a day In the 
next nineteen days the metabolism fell about 9 5 per cent , and the 
general condition improved correspondingly Then wdiile the treat- 
ment was being continued, the heat production rose almost to its level 
before the serum w^as begun After one whole year of serum injec- 
tions, during which time he w'as at home and at work, he returned 

28 Von Noorden New Aspects of Diabetes, New York, E B Treat & Co , 
1912, p 20 



t(» ilie hc'-piial \Mi)i .1 nupbnh-ju ' |h i icut iov.(.r than she f! s\ l»Uf»n 
UeaUiuns v.P'* hiiiiui nstsital jintaluljlv h.u! k '(.SKti, hi- -!r(nu:th 

hnU incrc'-cd. hsit hi*- luart h.ui *k\<,iupt*i iUitiilatU'n 

ndv. in '1 J) Sii'i s«»*h \n )k< 1 v.h<*n lu v..j- .'««hni!tea to 'he 

moSnhnli'-in v.ar^i Ns'sei ,\ wnK of ah-ohjle rt'-S in lied tlic Sii-t ha*- d 
tc-l \sa- ni.ulo 'Ihui dn*- later the iintd»oh-ni v-a*- 1' pel eent. 

nsu! a v.ee'h later !Op<i mit luv.ti v.isluitil nudu ition '■'nh-e<jiientK 

It ro-e to v.ithin ^ pei e'ent o; it*- (n!t,'tnal level under the innutnee oi 
hoine'-iehne*'- anil -onu pei*-o5ial veotrie*- He vva*- uiveii ‘'truin, hiu 
cire'snri'^tanv e*- in i«lc it sieve-'-uv »<• opes'te hefou a <.doiinieter te-i 
conld lie ina*le \pn\ 2k 2 v and 2‘* 'all the thsroid artene*- v ere 
hqaied under p nnh — local ane'-tlu*'ia Ivvelvc das- alter the la'-t 
operation, hi*- met ihnh-in wa*- 2n pet eeiit hiqher than before* lie 
kioked wor-e, hnt *-ani lu fell ‘-tronqer 

l.nne*- Mek sC.-'-e a I wa*- in the ho-pHal twelve tl.iv*- heiore hi- 

fir-t ha*=al le*-t Iininediati Iv aftei tin- he wa*- put on tlie hoiehenner 

erp;otin aiul (piintn h\ diohroinate ireitnunt In nineteen da\s ih; 
nielaholi-in fell 5 per lent \pri! 10. one .iilerv w.i< tied. Mav 2. an 
operation was interrupted hy e'ollap-c on the j>arl of the jiaticnt 
Twelve (lavs after tine the metahoh*-!!! w.i- (> per eent above the 
lowe*-t point jireviou^-lv measured 

Anna K (Case 0) w.is .idniitted to I’lellevne \pril 27 .ind plaeed 
in the e'.donmeier the next da\ * )n the 2‘Mh two ihvroul aitenes were 
hqaied Two weeks l.ntr the nictahohsm bail f.dlen 17 pei cent . whieh 
iv about the decrease usuallv found dnnnq the I'lrsi two weeks a 
patient is at rest in a hospit.d 

The basal metaholism of Anna K (Case 71 was measured the third 
da} she was m the hospital, M.iy 12 On that afternoon, and Mav 16, 
the four thyroid arteries vvcic tied I'oiir d.ivs later the metabolism 
was 15 per cent above its original point, and eight da}s later it had 
changed but little One year later it was at its oiigmal level 

The thyroid extract called thyioid “residue” had hut slight eft eel on 
the metabolism With Dr G S L (Case d), a severe case, the 
metabolism rose slightly, with Miss B H (Case 11) it fell 

OnSCUVOVTIONS ON A cum IN 

The basal metabolism of Benny L (Case 12) aveiagecl about 
20 per cent below the normal foi adults according to his measured 
surface aiea Children of his size average about 40 per cent above the 
adult figure This mcicasc seems to be due chiefly to the process 
of growth which is lacking in the 36-ycai-old cictin Although Benny’s 
heat production is about half as great as that of a noimal child of 
his size, we cannot consider him moie than 20 pei cent below the 
normal for adults The specific dynamic action of protein and carbo- 
hydrate, as we have said hefoie, appeals to he noimal, hut it is hard 
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lo find Ihc ])ropcr basis on which to compare it with results obtained 
on normal adults The administration of thyroid c\tract raised the 
metabolism to normal m three and a half d,i\s, increased the pulse 
rate from about 80 to and ni.ulc the ji.iticnt suK .md miserable 

TlirRM'I one A1'1*I 1C \iio\s 

Mental and physual rest is the surest means of securing the drop 
in the metabolism which indicates a diminution in the pernicious 
.ictivit} of the tlnroid Pscchotherap) is of some %.duc, and this coni- 
bmed with rest ma\ aecount cntirch for the improccmciit following 
most of the so-called medical cures PrcMoiis eihserccrs ha\e found 
little or no reduction in the oMdatnc processes after treatment with 
“Radogen,” the scrum of th\ roidcctomircd horses, and the Roentgen 
raj To this list ma\ he added fiom the jiresent work tin roid ‘'residue,” 
the crgotin and quinin Indrohromatc treatment, .md Beebe’s serum 
These remedies, however, were tried on but one or two patients, and 
a more favorable rejiort might h.nc been justified if more eases had 
been tested In the tre.itment of hjpcrthjroidism, calorimeters and 
other forms of respir.itorj, apparatus seem to he therapeutic nihilists 

Some ohseners h.nc found a prompt drop in the metabolism 
after a p.irtial tin roidcctoni) Ligation of the arteries iisuall} causes 
a distinct rise in he.it jiroduetion which m.i} l.ist scxcral weeks 
This show’s that following .i ligation of the arteries the patients should 
be kept as cjuict as possible and thyroid cxtr.ict should on no account 
be given 

It is quite possible that the aho\c mentioned therapeutic agents 
control some of the minor symptoms of the disease or render the 
major symptoms less apparent to the patient and his physician We 
cannot consider the patient to he .mywhere near a cure until the 
metabolism has ajiproaehed the normal We cannot consider a thera- 
peutic agent to be curative unless it causes the metabolism to approach 
the normal more quickly than the tendency tow'ard spontaneous 
improvement aided by mental and physical rest 

The need of large amounts of food by exophthalmic goiter patients 
is clearly shown There is no indication against the use of fairly 
liberal amounts of protein, and there is no reason to prefer the pro- 
teins of vegetables and milk to those of meat The number of calories 
required per day vanes Avith the weight of the patient, the seventy 
of the case and the degree of muscular activity In general, it mav 
be said that exophthalmic goiter patients need from one and one-halt 
times to twice as much food as a normal person under similar con- 
ditions Several of the patients studied produced over 100 calories 
an hour while at rest Max W (Case 1) and Edwin T (Case 2) 
showed a slightly negative nitrogen balance when receiving 3,500 and 
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4.0CX) calorics a da) E\cr) cflort should he made to gne food of 
high caloric \aluc in large amount':, or there will be losses of body 
fat and protein 

Sl.MM\R\ \\D CONCLUSIONS 

The metabolism in CNopthalmic coitcr has been studied for the first 
time in a lespiration apparatus which is also a calorimeter Thirty- 
se\cn obscrNPtions were made on clc\en patients with this disease, 
and SIX CNpcnmcnts were made on a cretin \\ ith some of the patients 
the nitrogen balance was .ijco smdjcd 

The measurement of the heal production cu'cs us the best index 
of the se\crit) of the rhsease and of the effect of treatment Very 
se\crc cases show an increase of 75 per cent or more aboNC the normal 
a\cragc. sc\crc cases '0 pei cent or more, and moderately sc\cre and 
mild cases less than 50 per cent . while a few iniUl and sc\cral at)pical 
or cases m which operation has been performed ma\ be within normal 
limits In sc\erc cases the warmth of skm and sweating can be 
accounted for entircl) b\ the necessjt\ for the increased elimination 
of heat At least a jiart of the taclneardia is due to the increased 
metabolism, and pcrhajis n might be possible to reproduce the extreme 
lach)cardia, the cardiac enlargement, emaciation and mental irritabil- 
it) if we were .ible to stimulate the metabolism of normal men for 
tw cut) -four hours a da) o\cr a jieriod of months or )ears 

The specific d)namic action of protein and of glucose is wnlhiii 
normal limits, and there is no consistent dificrence belw'cen the effects 
of protein in meal and an equal amount in milk and eggs One patienr 
was able to deri\e S9 per cent of Ins calories from carbohydrate m an 
eNpenmeiiL when he was showing an ahinentar) glycosuria There 
IS eMdently no inlerfeiencc with the ONidalion of carboh) drates 

The methods of direct and indirect calorimetry agree \ery closely 
wdien one considers the technical difficulties The method of direct 
calorimetry gave results which were slightly low'cr than the indirect, 
the total difference being 2 9 per cent , and the a\ erage difference m 
the individual experiments being dr 4 1 per cent This and the absence 
of abnormal respiratory quotients show's that the law of the conser- 
vation of energy holds good in exophthalmic goiter, and that there is 
no profound disturbance of the intermediary metabolism 

The average w'ater elimination through skin and lungs m the 
severe and moderately severe cases of hyperthyroidism is 39 9 gm per 
hour The increase above the normal is closely proportional to the 
increase in heat production , 25 7 per cent of the calories are dissipated 
through vaporization in goiter patients, wdiereas the mean normal is 
almost the same, 23 9 per cent 
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Tiic lc\cl of the lic.it pioductirm was used as an index of the c fleet 
of medic.al trcnlnicnt Rest in bed for a week or more caused a drop 
of more than 10 percent T he efiects of tieatment with Ihche’s serum, 
llnroid “residue” crtjotin and quitun Indrohiomitt was less marked 
each heint^ tested on one jiatient Jai,Mtion of tlu tluroid aitenes witli 
three out of the foui patients studied c.iused a distinct rise in metaho- 
lism, the duiation of which w-as uneeil.nn 'I here is as jet no proof 
that an} consenatnc form of tieatment causes .i greater reduction 
of metabolism th.m mental .ind phjsieal rest 

One small cretin 36 jtais old produced about half the calories 
eliminated b} ehildren of hi^. si/e As estimated In the surface area, 
Ills metabolism was about 20 per eciit below the norm.il adult le\el 
Three and a half dajs of treatment with thjroid extract r.iised liis 
heat production to iiorni.il 

Non — The work here reported v .is made possildt In the cooperation of .a 
number ol .associates who should rccenc credit for the major part of the work 
The analjscs of food, untie and feces were made b\ Mr Trank C Geplnrt, with 
the assistance of Mr R II Harries and Mr R C Stone T he electrical control 
of the calorimeter was m charpe of Mr G T Soderstrom, and the residual air 
anahscs and calculations were mule In Dr A L Mejer and ^^r Harncs The 
results were checked and tahulated b> Miss Grace Sims and Mr Stone Miss 
Estelle Magill and her assistants, Miss A Ilonold, Miss M M T auquicr and 
others were responsible for the weiphinp and preparation of the food, the care 
of the patients and the collection of specimens 

I wish to express m> thanks to Dr John Rogers for proeiding most of the 
patients and for coopentmp sere’ actneb m the work I also wish to thank Dr 
S P Beebe for superMsmg the scrum treatment and Dr G R Lockwood of the 
First Medical Dnision of Bellevue for permittmp the use of material from his 
w'ard, and to Drs W H Brundape, T C Janewas and R J Shea, who also 
sent patients for treatment and obscisation 
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THE BASAL METABOLISM IN PERNICIOUS ANEMIA* 

\ L MrALR. MD sm. IX'GIZXi: F Do BOIS, AID 

MV. 'VOMC 

CONTLMS 

1 Hjctorjc.-’l 

2 n\|)i.riniciital proccfluic 

3 Ab-tr.ict'. nl iu'^'ionc': 

•} Di<cii'-‘-io'i 

II\jn rinunt.il 

( oinp.'iri'^oji V jth ,i\tr.*itt normal nut ibohsm 
indirtci itul diri-Ct cilortnutn 
J he re '-nits oi otbei >tt\t'stiitalion‘; 

5 Coinpins itory i ictors m nncini i 

0 C,nn«;c of bisth met.iboh'^ni 

7 Suintn.ir> .in<l concbuiotu 

lIlSrORICAL 

llie \ic\\ lhat a }),iiicit) of hcnio^^Mobiii miisl scnousl} impair Ihc 
OMclaluc piocc^‘:cs of tlie body icccucd do,t,Mnalic cicdcncc for many 
years Altboui,di baced on a juioix considciationc:. it was apparently 
‘'Uppoited by animal exiiei imcntation, cbiefly tb<it of Baiiei ^ In 
Bauer’s experiments tbe cflect of bemoiibat^c is difficult of ascei- 
tainment Food, fastiii" and tbe mecbanical eflect of blood loss aie 
Uistuibinp factois Tbe ^omllln«^ of Baiici’s do.tj leads one to sus- 
pect that tbe animal was unfit foi tbe pui])0sc m b.ind 

At any rate, subsequent investigation on animals failed to sub- 
stantiate any pronounced fall m tbe metabolic functions of tbe body 
in anemia Tbe obscnations of Fmklcr,- LukJanow^‘ Pembrey* and 

* Submillcd for pnbhc.'ition Feb A, 1916 

* From the Russell Sage Institute of Pathology, m Albhation wMth the Second 
Medical Division, Bellevue Hospital 

1 Baur Ueber die Zerset/ungsvorgange im Tbieikoiper untei dem Einflus& 
von Blutennelningen, Ztscbr f Biol , 1872, vni, 567 

2 Finkler Ueber den Einfluss der Stromungsgechwindichkeit und Menge des 
Blutes auf die tierische Verbrennung Aicb f d ges Physiol (Pfluger’s), 1875, 
X, 368 

3 Lukjanow Ueber die Aufnahme von Sauerstoff bei Eihohtbem Procente- 
gehalt desselben in der Luft, Ztscbr f Phys Chem , 1883, viii, 315 

4 Pembrey Influence of Bleeding and Transfusion on Respiratoiy Exchange, 
Jour Physiol , 1895, xv, 449 



m 'I Hi: iKciui or imlhxjl mldicim, 

(-Tijibci atul Dolclief cfiCLlcd ,t niorlifK uion oi the ciiricnl li\pntlic‘'i‘:, 
inasmuch as nn pcnn.mcnl dcparutrc from the normal mctahohsm 
could he found There are \anaiion*>, to he sure, luU the tendency 
IS distinctly toward normaltU '1 lie slight increase in heat production 
which l‘redericcj' measuied with the d’Ar-on\.d compensation e<ilo- 
nmctc! IS well within the limits of the e\periniental eiror Onh once 
dul Ilari,* worlviiii; in 1 .inijl s l.ihoi.Uor\ with a Uuhner ealornncter, 
fiiul an increase of 12 pn Lent in the he it prorluction of a doij 

Ihe anemi.is m .uuin.ils have heen artiiiciall\ induced In hlood- 
Icttini^ It IS open to question whethei the aiicinns studied in animaU 
arc at all comjcir.ihle with those ohiainint; 'it'- thnu When wc 
come to the .ippluation ot experimental methods to chnieal anemia, 
the prohlem at once hceoinos deeidedK more eoinpheated In afldilion 
to the simple anemias, thcic is the unique t\pe of pcinicioiis anemia 
Chlorosis and leulaniia ma\ he lueluded in the eatetior) hccausc of 
their low hemo^rlohin eontent An\ flifieiciice that the cluneal forms 
show' nia\, quite .ipari from reriiicinent of technic, he ascnhcd to 
essential diffeiences hetween anemias arlificiall) induced and anemias 
aiising from patholop:ic agencies 

Magnus-Lc\ } iioiiits out that Pettenkofer and Voit’s pioneer 
experiment on a leukemic man, if piopeile interpreted, aetualh reveals 
an increase in the mctahohsm 

Both Kraus'* and Bohland*^’ find the mctahohsm near the upper 
physiologic limits, and that in some cases (Bohlaiid) it nia) really 
exceed these limits Thiele and Nehring.” while observing a slight 
increase in sccondar} anemia, could not establish a diminution m the 
oxygen intake in chlorotics In the hands of Magnus-Lcvy,*- per- 
nicious anemia yields a metabolism somewhat elevated Grafe^" finds 

5 Gurber and Dclchcf Einfluss dcs Adcrlasscs und dcr Transfusion auf den 
Wert des AtmungsstofTwccIiscl, jahresb u d rortschr d TJncrchcin (Malj s), 
1906, p 561 

6 Frcdcncq Dc I'action pbj siologiquc dcs soustractions sanguines, JanresD 
u d Fortschr d Tlncrchcm (iMaly’s), 1887, p 377 

7 Han Dcr Einfluss grosser BliUvcrlustc auf die Kohlcnsaiirc— und ''‘'is- 
serauschcidung nnd Warincproduction, Arch f d ges Phjsiol (Pflugers), 
1909, pp 130, 187 

8 Magnus-Levy Ueber den Stoffvvccbscl bci cincni Icukamiscbcn Maiincs, 
Ztschr f Biol , 1869, v, 319 

9 Kraus Ueber den Einfluss von Krankbeiten auf den respiratorischen uas- 
wechsel, Ztscbr f klin Med , 1893, xxn, 458 

10 Bobland Ueber den rcspiralonscbcn Gaswecbsel bei versclnedenen Forinen 
der Anamie, Berl klin Webnsehr , 1893, xviii, 417 

11 Thiele and Nehring Gaswecbsel bei anamischen zustanden, Ztscbr 
klin Med , 1896, xxx, 41 

12 Magnus-Levy Der Einfluss von Krankbeiten auf den Energiesausbalt im 
Ruhestand, Ztscbr f klin Med , 1906, lx, 179 

13 Grafe Die Steigerung des Stoffwechsels bei cbronischer Leukamie, Arcb 

f kill! Med , 1911, cii, 406 
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an amarniG: augmentation in leukemia The re'^ults of these obseivers 
will rccenc furlhei consulcration 

LxrniuMnNi \l i’KOclolrc 

The SIX casc‘: of anemia which we wi^h to present wxrc all studied 
fiom sixteen to eighteen hours after the la‘'t me.d The patients w^eie 
«it re<l aiul in the 1> ing postuie The\ were allowed to turn in bed 
OLcasionallx and mo\e then arms a little While it is desirable that 
there should be no unnecc'-saiw mo\ements. we bche\c the subject 
should be as eoinfoi table as the conditions of the cxpciimcnt will 
permit 

The exact loutine ])tc\ious to the actual obsciwation has rcceuccl 
detailed consideration in another place” The body lempeiature was 
measured b\ means of an clectiic resistance thermometer placed la 
the rectum Surf.ice theimometers were not used It has been found 
that when there rnc no lapid fluctu.itions m bod} temperature the 
rectal tcmjieiatuie is the more leliable but is In no means absoluteh 
satisfacloi} C)wing to the limitations of the rectal thermometer, and 
its failure to register acciiratcl} the mean temperature changes of the 
body, we still use the method of indireet caloiimctn as a standard, 
foi reasons pre\iously discussed 

HIST OKI rs or p\TinNTS 

C\si 1 — History — Daniel \ (splenic anemia, conRcnitnl syphilis), aged 21 
cears, clecator boj, wlntt, rrcnch West Indies, admitted April 16, 1913, dis- 
charged Jnh 30. 1913 li.ul sec ere dcscnterc in 1897, and tropical fcccr with 
black stools in 1902 He bad pain in the left side in 1910 lie came to Neev^ 
York in 1912 A fine rasli appeared on tlie bode March 30, 1913, and the 
patient became pale March 27 and again two weeks later, he comited blood 

Physical Dxaiiiiitofioit — April 16, the patient ccas tall and thin, cvith por- 
celain colored skin Soft sestohe murimir Spleen palpable 7 cm belocc' costal 
margin Hemoglobin, 25 per cent , crcthrocytcs, 1,700,000 DilTerential count 
normal cxcejit for 1 5 per cent mjclocjtcs Wassermann reaction positive 
April 19, transfusion, 500 ec Spleen larger April 23, transfusion, 750 cc 
April 24, spleen 11 cm below costal margin in midclavicular line Dark stools 
April 26, transfusion, 760 cc Hemoglobin, 25 per cent , erythrocytes, 1,976 000 
May 9, patient put in the calorimeter Blood pressure systolic, 108, diastolic, 
48, temperature 99-100, pulse 96, respiration 20, stools, four or five every day 
Wassermann positive 

The spleen evas removed several cveeks later, and the patient improved rap- 
idly He evas seen a year later in good health 

Case 2 — Ilistoiy — Andreev K’ (pernicious anemia), aged 27, plumber, 
entered the hospital Sept 10, 1911, with a high grade of anemia He improved 


14 Gephart, F C , and Du Bois, E F Clinical Calorimetry, Fourth Paper, 
The Determination of the Basal Metabolism of Noimal Men and the Effect 
of Food, The Archives Int Med, 1915, xv, 835 

15 Case reported by Coleman and Hartwell Med Rec, New York, 1914 
Ixxxv, 1160 
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iiiulcr tlic ':\nip of ftrrou<: lodid, sodmtn t.i<od%hn and I’daiid'*. jidk Ht va*; 
discharged Non 1 .md n idimtttd June l^n H< worUd ns •-ircft car 

conducior but had to stop work btnu t oi wi iliu'.'. Hurt v a* no histor.' 
ot sjplnhs 

Plivstidl /J wiinoiflftdi' —-'1 he pitiim'* sj m v 's htnon jrllov., there vas 
e\tensi\( pigment itiou. and the teeth wire in hid eouditiou llu spleen v as 
three fingers’ hre idth htlow tin cost il in irpin J m 24 l<>n tin licmoidolmi 
was 50 [u r leiit , er\ thri'i \ ti s, iriiKHKV), niirlid inisiic^ tos s uid jioil docvtosi*; 
Sliplit prdschrom (toplnln Luikocitts ptKK) Sscob lufuiic Dnrini' tin 
ensiling four months tlun were lov , toiitini’td imr attuls of i!i irrlie i j)ro- 
gressne wtakiuss ami Iiitdi jiiiUe rati ‘^tetrai tr msttf mns vir< nndi Tlie 
Inst trm«uision w is mtirruptMi l»\ !um<d\sis '1 wo hour litir sciirt ciiilU 
and temperature' ot ItHH roin hours I iti r 2 oniicis ot idoods nrim 

rriiUiiutit ai.d C oi/rrc — JuU 8, nornnddi'ts 2'i to i • < re 100 Imlocitts 
Linkocjtes, 2 000, polunorpliomuh irs (>-} ju r c» nt , h. mptiorMes, aO per cent , 
l.irge mononncle irs > per eint Octoln r 2’> *'phnnto!,i\ Cstf>lo''ir iktiils 
essentialK those of e r\iht oguu sis ind nntlngnu ms \oi,i nln r 5 hnion %tl- 
'ow etdor disajipe.ired I’letiin of sutri second ir\ im nn i Noeemhtr 17, 
Icnkocites 12 000 Dictmhcr U lenlontis U>,(KKf iJ'etmhtr 20, hemoglobin, 
27 jier cent , er\tlioe\tes 1 280, (XXI, t'orinohl ists 51. iml nu c dohl ists 11 to iser* 
200 leiikocjtes l.in (t 1914, IcnKoietes 22 5*10, J tmiare 112*^, neosaharsnn 
Patient giew weiktr rehrnin 25. hinioglnbin 18 pt r iint , i rvtlirocetcs 

I 264 000 Normohlisis 111 and nugilohlists 1(> to i\er\ 200 leidotstts March 

II and 17, patient put in cniorimeler Pulse iliirmg M ireh rimnil from 10*1 
to 124, respirations from 21 to 28, blood pressures s\<tohc, 152, dinstohc SO 
(March 27), tempentnri from 9*1 to 100 \pril 25 pituiii loolid and teh 
better P.egimnng to sn up \pnl 28 \\ isserm inn re leitnn positue Patient 
died December, 1915 

C\si 3 — Ihstorv — Marlin C (pernieioiis aiumin, iranseerse nnehtis), 
drucr, aged 32, admitted Jan 8. 1915, died Diccmber 1915, complained cbicfiv 
of weakness, sbortness of breath, palpit ition and par ih sis of legs In 1905 he 
slipped and had a liad fill winch left him with a persistent ])ain between tlic 
shoulders One jear later the pains sudrleiih dis.ipjnared, hut his legs began 
to grow numb and be lost good toiUrol of ins leet Soon after lie w is unable 
to walk and unable to eontrol Ins bowels In 1912 he begin to grow stronger, 
and w'as able to walk with crutches In rebnnri, 1914, be nolieed general 
w'eakiicss In December, a month before admission, be negan to suffer from 
anemia, dyspnea, palpitation, nausea and insomnia 

Pliyucal Eiaviinaiiou — ^Jamian 8, the patient was eery pale poorh devel- 
oped and poorly nourished Cardiac impulse forceful and difTusc Apex in 
fifth space 5 6 cm , left border 12 cm from midsternal line, base m third 
space Presystohe thrill over prccordmm Presjslohc murmur and sjstobc 
murmur at apc\, the latter transmitted to axilla Sjstohc murmur at aortic 
area Corrigan pulse Spleen palpable Legs paraly/cd, wasted and atrophic 
Babinski reflex present Lymph nodes generally enlarged Incontinent of urine 
January 13, cyegrounds showed presence of old retinal hemorrhages January 
20, erythrocytes, 650,000, normoblasts, 47, mcgaloblasts, 6 Amsocjtosis, poikdo- 
cytosis and pol}'chromatoph 3 'lia marked January 29, patient in the calorimeter 
January 28 to Februarj' 23, temperature from 99 to 101 , pulse from 100 to 
124, respirations, from 20 to 30 February 2, hemoglobin 23 4 per cent Febru- 
ary 10, fluid on” left side of chest Thoracentesis February 16, hemoglobin, 

20 per cent February 27, dulness on left side persisted March 17, heart not 
enlarged Systolic murmur over second left space and over apex Edge of 
liver felt indistinctly at umbilicus March 23, erythrocytes, 472,000, leukocytes 
2,600, anisocytosis and poikilocytosis very marked May 4, patient put in 
calorimeter Hemoglobin, 21 per cent Apex impulse diffuse Left limit dul- 
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ncf*:. fiftii «;pai.c 13 tin , fourth ‘ipncc. 118 cm , third ‘;paci, 10 cm , right 
htmi, 2 8 cm from midstirnal line Loud liooming s\stohc murmur nt apex 
To loft oi sttrnum there \\a>- a ^oft blowing “lound m dia'-tnlo Po'itcriorlj left 
side Ilatnt«'; hcloA angle of scapula Patient later got up in a chair and drc'^'^ed 
himself Mu’hth laundiced April 2} to Ma\ 22. tempcratuie normal to 100, 
puPc 72 to 11^, resjnrntion, 20 to 2*1 At nccroiitj in December, 1915, a bony 
tumor t\a«: found pre'-'^mg on tlu •'Pinal cord cau'.mg a tianster'^c mjehtis 

C\'=i 4 — //it/mv — P.arlolo D (pt iniciout anemia), aged 50 laborer, admitted 
Peb 22 1915. di'ich.irgcd March 21. 1915 com()lamed chieflN oi v e ikne'is, and 
pam in abdonun Pour month'' ago he l« It "^ick but was able to continue work 

Phv^u a! L .oiun.atiOh — Ptbru.'«r\ 22 poorh uouiished \ppiaiance chronic- 
alh ill Skin of picuhar grtemch \ellow Coiijunctna pale Heart regular 
in rate, loret .md rlnthm Soft sjstohc murmur o\cr entire precordium 
PuPe regul ir in r.itc loice .iiid rlnthm Tension l(n\ Vessel w.ills thielccncd 
Slight distention oi ibilonun Pxtremities wasted (ieneral hmpliatic cnlarge- 
.iieiit Ptbriiir\ 2i. blond pressure 515 (s^<;lohc) Pebruaiy 24 temperature 
rose to 100 7 iften whicli it remained below 100 PuPt \.iried trom 80 to 100 
Ptbru.ire 28 blootl pri ssuu sxstohe 02, di istolu 70 ^f.lreh I stoop nega- 
tive Marcli 5 rc<l eelP 1 '28 000, hemoglobin. 27 per cent ^ mcgaloblasts, o, 
lei’koevtes 1200, pith nini phnmu le irs, 71, I\ni])lu>e\tes 28 March 15, con- 
(lUion unchanged P.uieiit put m calorinieiu Lnmpl. lined of weakness and 
tontlnchc Stools large, possiblv dm to poor .‘bsoiption On strong positive 
nitrogen bal inc< M.ireh 18 reel celP 2 200 000, lunioglobm, 44 per cent 
W .'scerm ’iin reaetion nciMtive 

C\si 5 — lliUor \ — Daniel O (ptrmcioiis aneiiii.i initial stenosis and insuf- 
ficiencv), aged 38 steam fitter, a<hnitt<d \pril 11 1915, discharged Ma\ 10, 

1915 complained chieflj of dimness md weakness P.im m lowei lumbar 
region '1 he pitient was moderatel) alcoholic In 1905, kidnej trouble Had 
been able to work hard during past vear Por sevcr.d months had had a dry 
cough, sbglit imp.iirimnt of vision In March friends noticed pallor April 
4, 1915, pains in lower liimbai legion with fainting and dimness 

Pliyuiol Pianuitaltott — April 11th. patient w.is pale and sallow Looked 
sick Conjunctiva edematous Paec puffj Teeth bad Lungs showed signs 
of chronic bronchitis .md passive congestion, cspcciall> posteriori} Sibilant 
and sonoious r.alcs Heart sounds ol jiooi muscular quahtv Presyslohc thrill 
and systolic muiinur over apex, the latter tr.insmitted to the back Aortic 
second somewhat accentuated Pulse regular in r.itc and rh}thm. .iiul of fair 
force Liver two finger’ breadths below umbilicus Spleen not felt, but area 
of dulness increased April 15, red cells, 1,800,000, hemoglobin, 40 per cent , 
pol}morphonuclears, 56, tr.insitionals, 16, pmphocytes, 16, large mononuclears, 
8, eosinophils, 2 5, mast cells, 1 5, mcgaloblasts, 2 Respirations, 20 April 26, 
patient pul in calorimeter Pell better than on admission Not strong enough 
to work Lemon tinted color Eyelids puffy Could walk up one flight of 
steps without stopping May 4, blood pressure systolic, 130, diastolic, 80 
May 10, no complaints Discharged (Uiinc showed faint trace albumin, occa- 
sional casts, and numerous leukocytes ) 

DISCUSSIONS OF RESULTS 

The average figures for the normal metabolism have been given 
in the thirteenth paper of this series 

In pernicious anemia we have obtained an increase of metabolism 
in all of the five cases The figures vary from 2 to 33 per cent above 
the average normal The highest heat production was found in 
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Martin C (Cn‘;e 3) Unf(jrtun,itt.l\ lii*, (cnipcraturc v..m a trifle above 
the normal, and he was also a little restless dtirin^'^ this ob'-trvation, as 
IS indicated by the woik-adder, the teadni^^'s of which were 2^, 22 and 
31 for the first, second and third hours, respet ti\el> A rending: of 
7 cm IS cqun.ilcnt to tnimnq' from hick to side \ correction of at 
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least 10 per cent is therefore necessary to account for these tw'o 
factors 

Only in Cases 2 and 3 ( Andrew K , and Martin C ) did the heat 
production exceed the range of normal variation Both are examples 
of severe anemia fiom the clinical point of view, wuth a hemoglobin 
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percentage of less than 25 It is of interest to note that Martin C 
had practically lost the use of his legs, and that his extremities were 
wasted and atrophic as the result of a trans\erse m 3 chtis 

Bartolo D and Daniel O (Cases 4 and 5) cannot be said to show 
a pathologic increase of inctahohsin It is not likely that the insuf- 
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ficiency of the mitral valve in Daniel O 's case could in an)'- way have 
affected his metabolism Clinically the condition of these Uvo patients 
w^as not so severe Their hemoglobin approximated from 40 to 44 
per cent of the normal Daniel O was able to walk up one flight of 
steps w'lthout stopping on the day of the observation 
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Daniel V (Case 1) is a ease of splenic anemia ^\lth congenital 
syphilis At picsenl wc do not know what bcaiing the hisloiy of 
'^Nphilis has in Ihi': connection 

The literatiiie aflords considerable evidence that the methods of 
diiect and indiicct calorimcti} ma) show icmaikable agreement This 
agreement has been shown b} Riibncr and Lii'^k on dogs, b\ Alwatci 
and Benedict on man, b\ Caipcntei and jMnilin on partiincnt women, 
and by Howland on b.dncs flephait and Du l^oi'^,” in then stud} of 
noimal men. found that the totals of indiicct and diiect heat pio- 
duction c.iine within 0 17 per cent of each other, and that c\en m 
one hour peiiods the agi cement was sinking 

It IS of the utmost importance to dctciminc whethei the same 
agreement can be demonstiated in disc.ise Coleman and Du Bois 
in their senes of sixty expciiments on typhoid patients, obtained an 
a\cragc dnergence in induidiial expenments of ^ per cent, and a 
total dn crgcncc of 2 2 per cent 

In our scries of anemic patients ('l.iblc 2) the total dueigence 
betw’een direct and indiiccl caloiimctiy is about 3 3 per cent In 
three of the obser\ations the \aiiatioii is fiom 1 to 3 per cent The 
greatest discrepancy is 12 per cent In houily peiiods the least divei- 
gcnce IS 1 per cent . the gieatest 12 pci cent In the total thcic were 
seventeen one houi periods In ten of these periods the tw'O methods 
agreed wnthin 2 5 per cent , jn tw'O, wnthm 8 per cent , in foui, w'lthm 
from 10 to 12 pei cent 

The relationship bctw^cen the \olume of caibon dioxid produced 
and the volume of oxygen consumed justifies the inference that theic 
IS no profound qualitative change in the metabolism of pernicious 
anemia There is no evidence of inci cased protein consumption The 
nonprotein icspiratory quotients vary from 0 76 to 0 87, indicating that 
fat and carbohydrate aie burned to the same end-pi odiicts as in health 

In Table 3 w'C have tabulated the results obtained by otheis in a 
vaiiety of anemias In all cases in w^hich the heat production was not 
given, w^e have convcited the oxygen consumption per kilogiam per 
minute into caloiies per squaie metci pci houi, on the assumption that 
15 per cent of the calories aie derived from protein The area of 
body surface was compute^l accoidmg to Meeh’s formula We have 
mdisciimmately applied^the noimal figuie 34 7 caloiies per squaie 
meter pei hour to all observations m ai riving at the peicentage 
increase or decrease m metabolism except m our own cases, m wdiich 
the linear formula standards have been used m all cases measured 
by this method The standaid normal of 34 7 is not strictly accuiate, 

16 Coleman, Warren, and Du Bois, E F Clinical Calorimetry, Seventh 
Paper, Caloiimetnc Observations on the Metabolism of Typhoid Patients With 
and Without Food, The Archives Int Med , 1915, xv, 887 
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ina’^tnuch n*: main (jf the ‘^ubjcal*' wcic v oiiKii In mMs-cij:;!u women, 
Bcncclicl, Eninui?. Kolh ami ^nnth found ihe lu it pnxim tion to be 
32 2 taloncs pei ‘•tin.ue meter jier honi. or 7 jxr (uit iov.tr th.m m 
men 

It will bt obsemd th it M.i”nus-Let v ’■ and Krau-* found the 
metabolism m peinuiom aiumti fiom I to 17 per iiut alxne the nor- 
mal The' eoncition foi sc' v onld nurcasi tlu peiti-ntaqe m the 
e.ise of Maumts-Le\) , but would 1i.i\l it unifititcd m the e'ast of 
Kr.uis, beeause his subjects s.u on a thin, a po-ture whuh sometimes 
raise's the metabolism 


It IS mteitstin*^ to nntue the stiiKmi^ contrast bi tween the metabo- 
lism of pci melons .uumia and th.it of hula mi. i Both Bohl.ind"' and 
Kr.uis'’ wcie led to erttmeous eotieliisions rcit-irdiiiL,' the imtabohsm 
of leukemia '1 his is to be explaimd b\ tlu f ut that r.nhl.ind .illowed 
.1 N.iri.ition of o\e‘i 30 jur cent from the .i\ei.it,'e consumption of 
ox}{^cn of a noim.d mdi\idu.d .it n st Kr.uis’ upper ph\siolo£,MC limit 
of S 75 e e' owtteii ])tr minute is i.iiher Imth If we interpret their 
results with rcfereiiee to the modern base line m terms of heat units, 
their leukemic p.itieiits show' .i m.irkeil use of inet.ibohsin Bohland. 
who used the Zuntz-Gcpperl .ippir.itus, st.ites that .ill of his experi- 
ments were performed from fue to six hours .if ter the midtl.a) meal, 
or fiom three to four hours aftci bre.ikf.ist, or else in the morning 
111 a “nuchtern” st.ite 'Ihrte of the obscrc.itions which we haee 
tabulated came between 6 .md 7 m the c\cning and one at 10 o clock 
m the moining, so that in all four the metabolism was still affected 
by the picvious ingestion of food Kraus, who also employed the 
Zuntz-Geppert method, allowed his patients to sit upright on a chair 
This m itself would doubtless elevate the metabolism somewhat 

Grafe^'* used a modified form of the Jaquet apparatus in Ins experi- 
ments on leukemic patients Ehnnnating those experiments, in w’hicli 
the subject was dyspncic and lery restless, w'c obtain figures from 
6 to 50 per cent above the normal of 34 7 

Kraus,® Magnus-Levy’® and Thiele and Nchring'^ liaie inicstigated 
chlorosis and secondaiy anemia When we express the oxygen absorp 
tion which Kraus found in chlorosis, and secondary aneinia in terms of 
calories, the metabolisni is abnormally high We must again reiiieniber 
that Kraus permitted his patients to sit during the observation Mag 
nus-Levy’s results do not exceed the normal bounds In the woriv 
of Thiele and Nehniig we meet for the first time a low'ered metabo- 
lism in an aneniic state, although they, themselves, believed that a 
diminution in the oxygen intake could not be demonstrated m 
chlorosis 
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coMpnxsATOin i'actoks in am:mi\ 

It IS deal fiom the foicgoiiip^ eNpcnmenlal lesults that a i eduction 
in the hemoglobin doc^ not preclude the po^sibilit) of either a normal 
or an augmented metabolism 'Jhcic is no c\idence that metabolism 
runs Its course on a lower plane in anemia The demand for oxygen 
may far exceed the demand in health Ilow, then, is the lequire- 
ment met’ 

In health, o\)gcn combines with hemoglobin b) reason of chemical 
affimt} It IS concenable that in disease Nature ma} resort to physical 
means of increasing the combining capacit) of hemoglobin Such a 
conception. howc\cr, appears improbable from a comparison of 
Butterfield’s’’ work with that of Peters’’' Butterfield found that the 
ratio of CO (or 0_) I'c a\eragcd 399 in clc\cn patients, some of 
whom were anemic This agrees remarkably wxll w'lth the a\erage 
specific o\}gcn capatiu of 411. which Peters obtained with normal 
blood, using quite a difiercnt method We may conclude that m 
anemia, plnsical means play no role m the absoiption of oxygen apart 
from the slight amount taken up by the plasma in physical solution 

Normally the supply of oxjgen to the tissues is beyond the imme- 
diate requirement In anemia wdicn the hemoglobin content is low’ 
and the \olume per cent of oxygen is correspondingly diminished, the 
consumption of oxygen remains normal, or may even be above the 
normal Since no means of augmenting the oxygen carrying capacity 
per unit of blood has been demonstrated, it is manifest that the margin 
of safety must be encroached upon and that the blood must return to 
the heart in \arious degrees of asphyxia That this is actually the 
case appears in the work of Mohi,’® Morawntz and Rohmer^'* and 
Kraus and Cho\stek-’ In certain forms of anemia, under conditions 
of rest and wnth a metabolism near normal, the extra quota of oxygen 
which Nature has generously provided w^ould suffice A simple calcu- 
lation, howe\er, wnll show that in some patients other factors must 
be brought into play Let us take, for instance, the case of Andrew'’ K 
(Case 2), whose metabolism was high and whose hemoglobin was 
20 per cent of the normal With this amount of hemoglobin, 100 cc 

17 Butterfield Ueber die Lichtextinktion, das Gasbindungsvermogen und 
den Eisengehalt des menschlichen Blutfarbstoffes in normalen und krankhaften 
Zustanden, Ztschr f physiol Chem , 1909, Ixii, 173 

18 Peters Chemical Nature of Specific Oxygen Capacity in Hemoglobin, 
Jour Physiol , 1912, xliv, 131 

19 Mohr Ueber reguherende und compensirende Vorgange im Stoffwechsel 
der Anamischen, Ztschr f exper Path u Therap , 1906, ii, 435 

20 Morawitz and Rohmer Ueber die Sauerstoffversorgung bei Anamien, 
Deutsch Arch f khn Med , 1908, xciv, 529 

21 Kraus and Chovstek Ueber den Einfluss von Krankheiten auf den 
respiratorischen Gaswechsel, Ztschr f klm Med , 1893, xxii, 573 
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of blood would (.onUuu o 7 1 1 . of owj^'iii :i pul'-o rate 

of 70 and an a\ora},'c nf)nnal ontpnt jht boat of 50 i i , the minute 
onljnit of o\}pHn would be IdO t t lIi-< aitnal lucd was about twice 
naincb, 252 cc o'y^cn per niimitt as determined In the talo- 
nineicr Ills pulse i.itc a\eia^e<l 101, aiul therefore In'* output ptr 
bent nnist ba\c been at lea^t fn> i e to supple enonitb o\\f;tn to nieut 
the demands calculated ateordnu: to the lornmla Tnlse Kate; Ontjmi 
j)et bent per cent ( r::. 2^2 

Plesch" iind Mohr ‘ call attention to the nKrc.i>vtd ontjuu and pnKe 
frequence in .inenna A more hbeial supple of blood to the tis-nc'. 
mae .it tunes be f.ieoied be .i p're.ilei re"'j>ir,Uore eolinne 'Hint the 
de'iitb of respirations nuiense lias Ken notued be Inrf,'ensen,- Kraus" 
and others U u, ehicll) of ealne m fai ilit.itnn^ the filbii^ o» tiic nt,dit 
heart Its elTcet on the absorption of oseijen is nef^bj^ible 


nil CM SI oi UK. II ein eiiortsei i\ eMvie 

In anemia eec frequently encounter siqus of rapnl rt'cjencration 
Xormoblasts and mejj.ilobl.ists mae be present in second. iry .nicnu.i, 
but arc cspceially charaetcnstic of pernieious .meinia Whether or 
not this is a reeersion to the embreome tejie of tell form.ition, the 
fact remains that these cells constitute .i eoiisider.ible mass of young 
tissue in the process of deeclopmeiit Thtir number in the peripheral 
blood IS no measure of those present in the bode In the blood of 
rabbits evith subeliromt ancmi.i cxpcnmentall) induced there is a 
pronounced consumption of ONegen and produetion of carbon dioxid 
in vitro This Morneeit/^^ attributes to the jiresence of nucleated 
red cells 

In the leukemias w'c also sec nueleated red cells, but their number 
IS insignificant compared eeith the enormous increase in the eediite cells 
Grafe’^ believes that the eediite blood cells arc an important factor in 
the extra heat production of leukemia 

Zuntz, Loevy, Muller and Casparr' shoee that muscles poorly sup- 
plied wuth oxygen are functionally less efficient Accessory muscles 
are called on to cooperate in the accomphshinent of any task The 
mechanism of the vital function of respiration and circulation become^ 
more complex Proper breathing requires the activity of muscles that 

22 Plesch Haemodynacmische Studicn, Ztschr f exper Path u Therap , 

1909, VI, 526 , 

23 Jurgensen In von Noorden^s Pathologic der Stoffwcchsel, Ed 1, lovo, 

P 335 „ , 

24 Moravvitz Ueber Oxydationsprozesse im Blut, Arch f exper Path u 

Pharmakol, 1909, lx, 298 

25 Zuntz, Lowy, Muller and Caspan Hohenkhma und Bergwanderungen, 
Berlin, 1906, Table XII, p 435 
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ordiiirinh pla} no role in rcspnalion -\gain, llie respnalory muscles 
ma\ serve in securing a more efficient circulation In general, activity 
implies unusual effort . and hence (lie demand for additional oxygen 

CON CLt SIGNS 

Three mild ca‘=es of perniciou'? anemia showed \er\ slight increase 
111 the metabolism In two severe cases the demand for oxygen was 
from 7 to 33 ])cr cent above the normal aveiage 

The ha‘^al metaboli‘:m of pernicious anemia is lowci than that of 
leukemia, but, as a rule, Iiighei than that of sccondar} anemia 

The agreement between the direct and indirect calorimetry as well 
as the respirator} quotients indicates that the basal metabolism of 
pernicious anemia is quahtativ eh identical with the normal 

Although the demand for oxygen ma} be increased, the compen- 
satory processes m uncomplicated cases of pernicious anemia are 
capable of meeting the demand in spite of a greatl} diminished hemo- 
globin content 

There is some ground for the belief that the height of metabolism 
is a measure of the seventy of the clinical pictures 

477 First Avenue 



CLINICAL CALORIMETRY 

'-!\n ! M n I'M'l !• 

THE BASAL METABOLISM OE PATIENTS WITH 
CARDIAC AND RENAL DISEASE * 

ER \NCIS \\ PI \H()|)\ \l I) 

A I MIAI.K. MIJ. \Mt F UM \l f Di \! D 

MU \ji. K 

unu Tin TKHMCM \“'VlsT\*,( > U) ( } 

1 Uc IilcKiturc coiU,iUi‘' c\trtiucl\ icu rcportv of oli'-crv.itions on 
the metnliolisin of patient" with iiearl chsta^'C riic uoiL ino"t fre- 
cjucnlK rofcricd to i" ,i inonojjr.iph of Krtun- * I In^ *'tn(l\ of the 
cfictt of falif^uc in Minou'. patliologic eonditioiiK tontani" oh'^ervatioiK 
on the gaseous inet.ihohsin of three tanh.ic patient*, while at re*.t and 
while working on an ergograpli, togetlier with an.iK"es of the ov^gcii 
and carbon dio\id content of the \cnous blood in ve\en ca'-es Ihc 
inetabohsm e\peritnenls were made with the Zunt/ apj)ar 4 itu" One 
of the most striking result'' is the e\traordin.inl\ low Taluc obtained 
in all cases for the rcsptr.itor> quotient In the two milder cases the 
quotients for experiments with the subjects at rest and fasting were 
0 743 and 0 603, while three similar observations m the more sc\cre 
case gave as respirator) quotients 0=^74. 0 S34 and 0614 Exercise 
brought about a rise of the quotient In the list c.ise exhausting work 
raised the quotient to 0 933 and 0 923 The blood-g.is analyses show ed 
an increase over the norm.il carbon dioxid content of the \enous blood 
both at rest and during w'ork Kraus believed that the low respirator)' 
quotients and the high blood carbon dioxid were best explained by 
assuming that one of the essential factors of the dyspnea of cardiac 
patients is that the lung has lost its ability to excrete carbon dioxid 
and take up oxygen normally, either on account of a disturbance of 
its glandular function (Bohr), or because of pathologic changes in 
the lining epithelium or the pulmonary vessels 

Grafe- reports observations made with the “Kopfrespirationsap- 
parat" on the metabolism of seven patients with cardiac disease The 

* Submitted for publication Feb 4, 1916 
From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital 

1 Kraus Die Emudung als ein Mass der Constitution, Bibliotheca Medica, 
Abt D’, Hefte 3, Cassel, T G Fisher & Co , 1897 

2 Grafe Gaswechseluntersuchungen bei fortgeschnttenen Erkrankungen 
der Lungen an der Zirkulationsorgane, Deutsch Arch f Klin Med , 1909, 
xcv, 543 
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nicthocl IS open to criticism Tlic icspiiatorj quotient was 0 885 in a 
ca‘.e of congenital lie.ut disea'^c, 0 733 in one with Pick’s cirrhosis, 
and 0 76d in a ca^e of aiterio«;dcrosis with nnocarditis, hut in the 
four othei caidiac patients the quotients weic lemarkably low^ 0 638, 
0 632, 0 619 and 0 586 These instances with low' respiratory quotients 
showed comparatn eh normal o\\gen consumption, but low caibon 
dioxid pioduction Chafe demonstiatcs by calculations that it is quite 
impossible to accept the theory of Kraus, w'hich accounts for the low 
quotients on the basis of carbon dioxid retention, as the amounts of 
carbon dioxid stored iij) in the body would be too enormous He 
believes that the low rcspinitor) quotients signify a quahtativ'ely altered 
metabolism with incomjilete oxidations, and suggests that the accumu- 
lation of carbon dioxid. which Kraus dcmonstiated b} blood-gas anal- 
vsis, may have iniuicd the bodv jirotoplasm so that the chemical 
changes jnirsuc .in abnorm.d cotiise There seemed to be no relation 
betw'cen resjnratorv rate and increase of oxygen consumption 

While some of the respirator} quotients obtained by Grafe are so 
low* that It IS almost impossible not to suspect their accuracy, nev'er- 
theless his theory as to an altered metabolism finds some confirmation 
in the w'ork of other authors who have shown that acidosis is fre- 
quentl} associated with cardiac disease Thus, according to Beddard 
and Pembrey,’ the alveolar carbon dioxid tension is v-ery low' in cases 
of decompensated cardiac disease French, Pembrey and Ryft'eP 
found it low' in cases of congenital heart disease vv'ith cyanosis Fitz- 
gerald"’ obtained normal values foi the alveolar carbon dioxid in the 
majority of cardiac cases, but low v'alues in a case of initial stenosis 
and extremely low figuics in a case of congenital heart disease Porges, 
Leimdorfer and Markov'ici” studied a considerable series of patients 
with heart disease, and found that in general the carbon dioxid tension 
of the alveolar air is normal in those which were without dyspnea, 
but that it tended to be below normal in the dyspneic patients The 
lowest tensions in compensated patients without dyspnea occurred in 
two cases of congenital heart disease, both of which probably had open 
ductus Botalh Lewis^ and his associates have shown by investiga- 
tions on the blood and alv'eolar air that the attacks of dyspnea so 
commonly seen in elderly patients with renal disease or advanced arte- 
riosclerosis are accompanied by an acidosis which they believe to be 
the cause of the disturbance of respiiation In cases of pure v'alvailar 

3 Beddard and Pembrey Bnt Med Jour , 1908, n, 580 

4 French, Pembrey and Ryffel Jour Physiol , 1909, xxix, Proc , p 9 

5 Fitzgerald Jour Path and Bacteriol , 1910, xiv, 328 

6 Porges, Leimdorfer and Markovici Ztschr f klin Med , 1913, Ixxvii, 446 

7 Lewis, Ryffel, Wolf, Cotton and Barcroft Heart, 1913, v, 45 Lewis and 
Barcroft Quart Jour Med , 1915, vii, 97 
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chbCM^( with ts.inoviv, iht\ foiuul no oultncc of .i« hIoms, Imt llutUhcrc 
nt.i} lie an acido'^js in ‘.c\ercl) flccompcn'.alcd rn'^cs, winch disappear^ 
as tomjiensaUon is rci'anied, is shown h\ the oiiscnalion^: of Porge^^, 
I cnndoi for and MaikoMci" It is, however, iirti lictilarl) in tlic t\pe 
01 c.ist which in.iN he con\tmcntl\ grouped under the Iieaduii^ of 
“cardtoienar’ disease that tlie factoi of atido'-is assnnies .i more per- 
nianent and thus .1 niort imiKirtant part The association of aeulo^i-, 
with chronic nephritis has been care full) disciissed by Stllards" and 
b) Palmer,^ and its relation to the course of the disease has been 
studied l)\ Pe.d)od\ '1 he si<rnituante of .uidosis ni nntstij^alioii' 
on inetabohsni was lirsi sni,'^e«-ted In Peiiedict anti Joshn," who 
showed that in two normal sulijccts .m .itidosis resultinij from the 
administration of a earholndrate-free thet was attompanietl In an 
increase in the total met.diohsm Ins oliserv.ition has snicc been eon- 
firmcd liy IIip;tTins, ]'it/ ami Peahoth laisk heliewes that this mtrease 
IS due to the increased piotein metahohsm of the earholndrate-free 
periods 

MI Tiions esi 0 

It IS thus tpntc cvulcnl that m stndjmjj the metahohsm of piticnls 
w'lth heart disease it is of the utmost imjiortanee to kiiow whether or 
not there is an acidosis On aeeount of its dircel hc.irmp on the sub- 
ject of acidosis, and also on aeeount of .my other {lossiblc, but as )et 
unknown eficclb which <i nephritis ma} exert on the metahohsm, it is 
also of importance to know as much as jio'sddc alioiit the functional 
capacity of the kidneys At the lime when the earlier of the cases 
reported here w'crc nn cstigalcd, renal funetion tests were not in gen- 
eral use, but the later cases were, w'hcncvcr possible, studied with these 
points in mind As an index of acidosis, the carbon dioxid tension of 
the alveolar air w'as determined This w'.ns done h} the Higgins modi- 
fication of the method of PIcsch, wdnch has proved \ery satisfactory 
for clinical w'ork The normal alveolar carbon clioxid tension by tlii" 
method is approximately 40 to 45 mm In some instances the alkali 
tolerance test of Sellards** was used The determination of the part 
played by the kidneys in cases of cardiac or cardiorenal disease is, ot 
course, proverbially difficult and unsatisfactory In general we have 
lelied on the history, physical examination, urine examination, blood 

8 Sdlards Johns Hopkins Hosp Bull , 1912, xxni, 289, ibid , 1914, xxv, 141 

9 Palmer Med Commuincat , Mass Med Soc , 1913, 133 

10 Peabodj, F W Studies on Acidosis and Dyspnea in Renal and Cardiac 
Disease, The Archives Int Med, 1914, xiv, 236, Clinical Studies on the Res- 
piration, II, The Acidosis of Chronic Nephritis, ibid , 1915, xvi, 9SS 

11 Benedict and Joshn Publications of the Carnegie Institution of Wash- 
ington, 1912, Pub 176 

12 Higgins, Fitz and Peabody Unpublished 
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pres'^uic and phcnolsulphonephthalcin test to aid us in diflcicnlialing 
the puic cardiac fiom tlic renal or caidioienal cases 

Tlie patients were all from the medical wards of Bcllc\uc Hospital, 
but durins^ the period of study the} were kept in the special metabolism 
ward The general method of conducting the obser^atlons wms simi- 
lar to that described in the thud and fourth pajier of this series ’’’ The 
patients were usualh put into the calorimeter for a short period m 
the afternoon, in order that the} might become accustomed to the new^ 
surroundings, and then put m again for the actual experiment on the 
following da} As one of the chief points which we w'lshed to iincsti- 
gate was the influence of d}spnea on the metabolism, quite a number 
of the decompensated patients were put into the calorimeter In spite 
of their coniparatuely serious condition, how'c\cr, no patient w^as m 
ail} wa} injured b} his sta} in it The majority said they felt bet- 
ter when the} came out. and, indeed, the period of absolute quiet 
seemed to have only a beneficial effect The construction of the chan 
described in the clexenth paper made it possible to study the metabolism 
of patients with orthopnea The respirations were counted by watch- 
ing the patient through the glass wundow' m the side of the calorimeter, 
but the graphic records registered by the spirometer on a kymograph 
for the five minutes at the end of each period w'ere of help, particu- 
larly in drawMiig attention to periodic breathing 

DISCUSSION or RESULTS 

The total number of patients inx estigated was sixteen One of 
these (Case 3, Fred D ) w'as examined first wdien he w^as decompen- 
sated and dyspneic (3a), and later wdien he w^as compensated (3b) 
Six cases (11, William S, 12, George M, 13, Marcus R, 14, David 
K, 15, William A, 16, Theodore S ) were studied for purposes not 
directly connected wnth the present investigations so that the details 
on them are not complete, but they are included since they serve as 
controls of the more severely ill patients, and contribute information 
about various special points Seven cases 2, Armon W , 3, Fred D , 
4, Edward M , 9, Burrell P , 11, William S , 15, William A , 16, Theo- 
dore S ) were instances of pure cardiac disease, two were cases of 
nephritis (12, George M, 14, David K) and six (1, Arthur V, 5, 
Charles L , 7, Edward W , 8, Henry R , 10, August F , 13, Marcus 
R ) were mixed cases belonging to the “cardiorenal disease” group 
At the time when they w^ere in the calorimeter, five patients ( 1, Arthur 
V , 3a, F ^ M ' I , 10, August F ) had mod- 
erately - (2, Armon W , 5, 
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Charles L . 6. Annie T , 7, Edward W , 9. Burrell I’ , 11, \\ illiam S , 
13. !Maicus R ). and fne had noimal ie<;pnation (3b. Fred D, 12, 
George M , 14, lAuid K . 15, William A . 16, Theodore S ) 

Rc^pjtaio) V Quoiioi !^ — In stiik'ing conliast to the lesults of Kraiis 
and Grafe, which ha\c been described abo\c, all of the respiratory 
quotients in this scries of cases fell w'lthin coinparatu eh normal lim- 
its Our low’est quotient wa^ 0 73 (Case 4, Edwaid M ) Of the ten 
cases reported by Kraiis and Grafe. only four had respiratory quo- 
tients equal or abo\e our low'cst figure, while in the other six the results 
had to be explained as being c.uiscd by a qualitatuc alteration in metab- 
olism On the basis of the respiratoiy quotients, as obtained by us, 
there is no need to .issuine any ch.ingc in the type of metabolism from 
the normal In general there is a distinct tendency for the low'est 
quotients to be found in the cases with most dyspnea Fi\e patients, 
classed as haMiig moderately se\crc dyspnea, ga\e as quotients 0 74, 
0 75, 0 73, 0 75 and 0 82 In sc\cn patients with slight dyspnea the 
quotients were 0 79, 0 76, 0 81, 0 79, 0 84, 0 82 and 0 78, while the 
patients w’lthout dyspnea showed the following quotients 0 88, from 
0 80 to 0 S3, fiom 0 74 to 0 75, from 0 81 to 0 85 and from 0 80 to 0 85 
(Table 2) 

Dliu:ci AM) INDIRHCT CALOKIMnTR\ 

In the ])revious papers of this series the close agreement betw^een 
the methods of direct and indirect calonmetry’^ wnth normal subjects 
has been demonstrated In disease, owing to certain technical difficul- 
ties, there is a tendency for the method of direct calorimetry^ to aver- 
age from 1 to 2 per cent low'cr, particularly if short periods are used 
In the group of cardiac and nephritic patients here presented, the 
total of the calories measured by indirect calorimetry is 4,297 67, by 
direct calorimetry 4,214 53, or 1 93 per cent lower This is remark- 
ably good agreement, considering the technical difficulties, and indi- 
cates that there is no profound change in the metabolism which would 
upset calculations based on the method of indirect calorimetry 

TOTAL METABOLISM 

The total metabolism is compared with the normal m terms of the 
heat production per square meter of surface area per hour After 
the linear formula was devised, it was possible to measure most of 
the patients m this manner and use the results as a basis of the calcu- 
lations In all other cases it has been necessary to use Meeh’s for- 
mula, which IS fairly satisfactory with these subjects, since they all 
happened to be of about the normal body shape 

Of the five patients with moderately severe dyspnea, all but one 
(Case 10, August F ) showed a distinct increase in metabolism Of 
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less w'hilc in the calorimeter, but a similar degree of restlessness m 
other patients does not increase the metabolism more than about 10 
per cent This factor may be of some importance in the cases J3f 
Arthur V (Case 1), Edw^ard M (Case 4), Edw^ard W (Case 7), 
Burrell P (Case 9) and David K (Case 14), but other patients with 
high metabolism for example, Armon W (Case 2), Fred D (Case 3), 
Charles L (Case 5), Plenry R (Case 8) and Marcus R (Case 13) 
Avere as quiet as the normal controls It is evident that most dyspneic 
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patients show a metaboli'^m met cased from some cause other tlian 
muscular actuit} 

An analysis of the relation between increase of metabolism m these 
cases and acidosis is of considerable interest It is unfortunate that 
the carbon dioxid tension of the aheolar air was not determined in 
all the patients The low'est caihon dioxid w'as found m Case 6 (Annie 
T ), but It IS quite possible that m such a case of congenital heart dis- 
ease the decreased aheolar carbon dioxid might not be accurate evi- 
dence of the change in the reaction of the blood Excluding this 
patient, the two wuth the lowest carbon dioxid, Arthur V (Case 1) and 
Fred D (Case 3) showed marked increase m metabolism Still there 
were two others with high metabolism (Edward W. Case 7, and 
Charles L Case 5) whose ahcolai carbon dioxid was \er} slight!) 
depressed 

It IS interesting to note tliat patients with low excretion of phcnol- 
sulphonephthalcin, Arthur (Case 1), Charles L (Case 5) and 
Edw'ard W (Case 7), show'ed marked increase in metabolism; but 
one, August F (Case 10), wdiose phenolsuljihoncphthalein was low, 
showed no increase 

Six patients gave s)stolic blood pressure readings of 170 mm or 
over Of these four, Charles L (Case 5), Edward \V (Case 7), Mar- 
cus R (Case 13) and David K (Case 14) had high metabolism, while 
two, August F (Case 10) and George M (Case 12), had low 
metabolism 

It IS evident that in so complex a group of subjects as the sixteen 
cardiacs and nephritics, there are many factors at w^ork At present 
It vv^ould seem as if no one factor would account for the definite 
increase m metabolism found in the dyspneic patients The studies 
m this subject are being continued 

It is of interest to note that patients with compensated cardiac 
lesions or with mild nephritis show a metabolism within the normal 
limits 

SUMMARY AND CONCLUSIONS 

Sixteen patients with cardiac and cardiorenal disease have been 
studied, and for the first time the methods of direct and indirect 
calorimetry have been compared In this group of cases the two meth- 
ods have been found to agree within 1 9 per cent 

The respiratory quotient in all cases was within normal limits (0 73 
or above) This is opposed to the findings of Kraus and Giafe The 
normal quotients and the v^ery close agreement of the direct and indi- 
rect calorimetry prove that there is no profound change in the inter- 
mediary metabolism 



TABIX 4- 










— - — ' • 


h}ict, 










IHSi . 
NS.lLllI, 

J’l nod 

1 1 d 
of 

P. rlod 

( ^r!>on 
OilJXhl, 

O';!!' I, 
i Ifltl 

J 

n <i 

V\ nn n 

1 tll't' S 
l«r 
llfiiir. 

. Indirect 
t nio 

Ilrnt 
} Hull 

\ri n I In< Tf- 



(.fl’l 

rlin-lr) 

f iintcd, 

J oriiitiK 




1 



(till 

L nl 

Cnl 

< n*< I ( \rilit r \ ) 

I"< Hill 

11 1" 


-j 

t 






. 1. I . 



j 

1 






'' ' Kr 

1 ' ' ‘'<1 M 

r 

1. „ 

'or.. 

f 

t .n 

f7 

1 . 'C 

O'-J 

(f * * 

01'"^ 


21 

1 1" 

3- H 

. 

1 

I' 7' 

1' 17 

"".I 

PXCl 


< ' 1 “ J;( \r»itoti U ) 

I’frllii 

11 ‘ 








-71 n • 

(<t 77 Ki 

I '■ '•(( M 

1 

1. ■ 

21 11 

-1 7' 

1- M 

7 7-> 

0 3 

72 'J 

73 Cl 


- 

1 . 


2 '7 

O I' 

> >v. 

0 .<>, 

71 13 

71^1 









lIGSI 


(!!••'“(} r"l It ) 1 

I'ri Vii) 

11 '1 








j'l'/n ' 

H ' 7 « Kj 

1 .-'J ''H M 

1 

1 • "1 

•* «f>«« 

* 

— 1 

•' 7 . 

'C . I 

0 7 • 

7 73 

70 13 


2 

1 1 

11 o; 


0 7^ 

7 11 

0 7' 

7' 27 

7b 63 


1 1 
1 1 






1 

170 02 


In<l I) 

IT. llm 

11 l'» 








.7.‘ /!'• 

IMS Kj 

1 .“'I ‘•fj .\I 

1 

1/ 1 - 

p< or 

1 

11 77 

>•< 1 

.1 'O 

cxrt 

Ctt 7o 

35 63 


- 

1 K- 


H •) 

t> e' 

• ' 3 . 

0 81 

37 83 

CO 43 


s 

1 l‘ 

‘ e; j 

‘T 

0 ei j 

1 ‘ 

13 (e 

0 8-1 

2’ % 

20 00 




1 


\ j 



1 7 70 


Cfl»r J| (J <1« M ) 

I’filltn 

11 -0 








.vn/ii 

CSt* Kf 

1 

13 0 

X' Zj 

X" 11 

<• 7i> 

c- rr 

0 '8*7 

1 

69 5S 


> 

1 » 

3i/>7 

! 3. 87 

0 71 

^ *d 

0 

W) 4f) 

90 O’! 





1 




102 Sit 


Cii'^c 5 (Cline L ) 

I’rrllm 

11 23 








63 b( Kf’ 

1 

12 23 

36 30 

17 |C 

0 7l. 

^7 13 

0 3b7 

S') 06 

69 41 


2 

1 23 

80 30 

Cb bl 

0 77 

7;>03 

0 2iT 

05 71 

03 28 









163 C7 


Cnpc C (Annie 'X ) 

Prelim 

10 37 








2/30/15 

20 27 Ktr 

1 010 Sq M 

1 

11 37 

15 30 

13 C) 

061 

20 00 

0150 

43 S3 

46 02 

43 S3 

43 SO 

O 

12 37 

15 20 

17 78 

0 60 

20 7S 

0150 









01 Sj' 


Ouse 7 (I dw VS ) 

Prelim 

II IS 








2/2X/15 

5133 Kb 

1 

13 18 

28 00 

20 CO 

0 70 

47 27 

0 337 

I 

66 64 

69 85 


O 

1 18 

70 78 

28 20 

0 70 

47 CO 

0 837 

04 21 

94 68 









162 63 


CnsoS (Henry K ) 

Prelim 

11 82 








2/20/15 

75 10 Ke 

1 

12 32 

24 C2 

2-107 

0 74 

73 SO 

0 303 

79 21 

77 Sa 

173(?)Sq M 

2 

1 82 

24 75 

23 OS 

0 75 

40 61 

0 803 

78 01 

BOSS 









15812 



* 03 min 


f C7 min 


§ 80 min 



— Calorimeter Evperimlnts 


Direct 





Per Cent 


Calorics 


Calo- 

Rectal 

A\cr- 

lYorlv- 

Kon 

Calorics Iroin 

per llour ' 


rimetrj 

(Rectal 

Icmp , 

C 

age 

Pulse 

Adder, 

protein 

R Q 






Remarks 

Cm 

Pro 


Carho 

Per 


'iemp ), 





lein 

Pat 

hjd 

J'g 

Per bq M 


Cal 









37 01 










9415 

37 CO 

100 

37 2 

0 74 

0 

80 


1 00 

52 23 

Restless period 03 









min 

SI 51 

37 4C 

97 

45 0 

0 72 

10 

6o 

4 

1 48 

40 IS 

Rectless period 57 










mill 

175 CO 

30 09 







i 

i 



72 73 

37 00 

70 

14 2 

OSl 

10 

53 


1 20 

3819 i 

Quiet, reading 40 











min 

71 50 

37 00 

78 

30 3 

0 77 

10 

Kb 

20 

1 22 

38 90 

Quiet, reading 5 











min 

144 28 

3S 17 





1 





74 G3 

3815 

104 

00 

0 74 

21 

Bl 

9 

1 48 

41 29 

Verj quiet 

70 00 

3811 

105 

14 0 

0 74 

20 


9 

1 5! 

45 81 

Verj quiet 

150 C3 

30 83 










5G41 

30^ 

80 

00 

0 97 

17 

8 

74 

1 28 

35 15 

Asleep 10 rain 

55 IG 

sees 

81 

70 

090 

15 

29 

50 

1 45 

40 07 

^crJ quiet 

29 54 

30 70 

01 

40 

0^1 

15 

55 


1 19 

41 28 

Very quiet 

141 11 

1 

30 90 


i 


1 


1 


i 


SO 00 

30^ 

60 

41 5 

0 71 

14 

85 

B 

1 11 

37 08 

Very restless 

92 59 

30 88 

70 

38 0 1 

0 73 

12 

81 1 

K 

1 20 

42 00 

Restless 

172 59 

1 

3715 










80 23 

37 11 

70 

23 0 

0 70 

8 

75 

17 

1 05 

37 55 

Quiet, dozing and 

90 41 






i 




rending 

37 10 

71 

25 0 

0 77 

8 

72 

20 

1 12 

39 95 

Quiet, rending 

182 04 

37 10 







1 



42 07 

37 09 

102 

24 0 

0 81 

9 

59 

32 

1 74 

42 12 

Restless 

44 23 

3712 

102 

10 0 

0 80 

9 

02 

29 

1 75 

42 30 

Pnirly quiet 

86 80 

37 55 











37 37 

111 

25 0 

0 79 

11 

00 

23 

103 

1 

5019 

Fairly quiet, doz 

97 28 

37 40 

112 

32 0 

0 79 

10 

04 

20 

173 

53 35 

Ing 

Slightly restless 

178 22 

37 40 










70 49 

37 39 

117 

210 

0 74 

10 

79 

10 

105 

30 02 

Quiet 

76 94 

37 32 

115 

13 0 

0 74 

10 

79 

10 

1 05 

35 88 

Quiet 

152 43 








1 





















' 







TyMJLi: 

4 — Caiophiftip— 

t 

1 


j 







Ur't M 
‘’Cfji'ir- 

1 

1 I .‘■'Kxf 

1 I <1 
</l 

J’« '•.s.'t 

! < »tl> • ) 

I D'oiM 

Otyc 

*>'11 

II Q 

IV nlr- 

Lriri' 2 

.r' 

S Imlirrc 
Calo 

t jieat 

} lim! 

1 ' . Tf 

) 

1 


<i II 


1 ilin. irj 

nnte.l, 

1 o»li n!ri 



1 




(till 

CnI 

CnI 






- - - 



— _ 



1 .(Is . ,,11' 

j' 1 n ln.i 

j n it> 


} 

{ 


1 



” 1 ! 

K( 

IT ' *'■) 

t 

l 

I I't 

i 

i 

-7 

1 ft *. 

} 

^ •. 1 > 
s 

1 

I 

'"29 

8^o( 


1 - 

r 

I !'» 

i 

t ^ 

‘ L‘ - t 

1 

1 

1 

0 

79/>7 

S'/ -? 




{ 

1 

I 



1 

) 

Ji~, t>5 


1 It' ( \itr 5 i 

1 .rl'tl 

1- to 

i 







"l/l. 

-‘•I f-i 

I i-r ••<1 M 

' 1 

1 ) (*) 

! -■ 

1^1' 

i 

* * 1 

1 

1 

Vli.i’ot 

1 02 


* 

, (.1* 


1* . 

j ft TT 
j 

^ J 

j 

r~,~ 

*Jt .1 

3! or 


1 

1 



t 



IC'177 


t ”• 31 V > 

l-frl'fl 

IJ . 








./K I . 

\ 




i 



* 


''.t* Ki. 

1 • ‘'<3 J! 

1 

u 


1 ' ;■ 

1 t -1 

i 



or, 

03 29 


{ 

1 .. 

^ 7t» 

.1 - 

i t- - * 

i 21 "T 

1 

0 61j 

72 o 

71 11 






i 

1 

1 

1 


13'~7 


c i»' 1 . Oi.'f) M ) i r.if’it.i 

10 (.J 



f 

{ 

1 




I/T/l= 

M y i 

1 

1. r>> 

1 'to 

1 

(> t- 

1j 1 

1 tC <-2 

ir ''2 

101 10 



: c-t 

C' :•*- 

’ ' rj 

i 

1 . -1 

V ' r: 

ll«Cr2 

11302 





1 




233 'll 


(ic-orff' M 

I’-rllr'l 

1') Kl 








IS Kj 

1 

IT CO 

s 

i 

o.*-: 

<6 

0^11 

107^7 

10133 


o 

. to 

c » • - 


0 T-i 

n 1^ 

0 311 ! 

123 C/i 

112 01 



i 


■ 




231 63 


Gf'OfKi' M 


n 


! 






2/.’l/M 

Kk 

I 

12 

i«:i 

1 10 27 

ov. 

[ 2* 11 

OrClNI 

6183 

0139 


O 

1 Co 

.'0 01 

1 li It 

079 

26 03 

j o^^3 

Cl 10 

03 63 





1 




113 03 


Gcorpc M 

1‘rt'llin 

11 10 


{ 






miu 









5Sl'S Kk 

i 1 

12 ’o 

22 70 

21 12 

0 73 

20 32 

0102 

C'>74 

03^7 


2 

1 10 

10 11 

13 et 

0S6 

ISO! 

0102 

1014 

10 33 









no IS 


Cnscl3(Mnrcu'R ) 

rrcllin 

10 00 








4/0/lP 








IlSoO 

C3I3 Kg 

1 

12 00 

63 21 

62 33 

0 77 

03 5<. 

0130 

172 01 


O 

0 00 

66 27 

60 69 

0?0 

71 22 

0130 

1GS03 1 

102 03 









310 07 


Cnscl4 (Dn\IdK ) 

Prelim 

0 10 








S/21/13 

C2C0 Kg 

1 

10 10 

25 80 

25 66 

0 71 

32 20 

0 323 

83 81 

79 94 


2 

11 10 

21 78 

20 01 

0 70 

28 71 

0 323 

08 80 

00 49 









132 73 



S 

12 10 

27 13 

20 05 

0 73 

32 14 

0 323 

83 30 

82 37 


4 

1 10 

26 35 

27 13 

0 78 

32 74 

0 323 

0104 

8183 


5 

2 10 

25 60 

23 78 

0 78 

SO 03 

0 323 

78 89 

80 54 


C 

3 40 

23 74 

23 01 

0 73 

SO 10 

0 323 

77 32 

79 79 









ISS 34 



•Experiments — (Covttnucd) 


Direct 





Per Cent 


Calorics 


Calo 

Rectal 

A\ cr 

Work- 

Non 

Calorics Irom 

per Hour 


rimetry 

(Rectal 

Temp , 

C 

age 

Adder, 

protein 






Remarks 

Pulse 

Cm 

K Q 

Pro 


Garbo 

Per 

Per Sq M 

Temp ), 
Cal. 





tein 

Pat 

bjd 

Kk 

(Meeb) 


« 

87 S7 










79 IS 

37 72 

CS 

30 0 

082 

16 

51 

33 

1 30 

O'! 07 

Rc'tlcss 

SI 01 

37 04 

Cl 

350 

0S7 

18 

30 

16 

1 13 

35 01 

Rc'^llc'^s 

1C0S2 

3818 










45 76 

3S10 

73 

120 

• • • 






Verj quiet, aslpep 











15 min 

51 43 

3810 

70 

70 


• « 

• 




Quiet 

97 19 

SG79 










59 18 

SOCS 

S5 

30 

0 84 

21 

i 

<13 

SO 

1 02 

S3 IS 

lerj quiet 

7110 

36 71 

98 

27 0 

OSO 

19 

55 

26 

1 11 

36 36 

RfeiJpt.S 

ISO 29 











S 

30 52 










112 SO 

SO 72 

64 


066 

IS 

40 

42 

107 

32 SI 

RCStlCS': 

117 72 

36 79 


• 

0 79 

IS 

59 

23 

109 

33 43 

Restless 

230 32 

30 78 










96 03 

30 00 



0 82 

15 

i 

53 I 

82 

0 91 

29 52 

Asleep 

115 83 

30 70 



0 77 j 

13 

07 

20 

lOS 

33 81 

Slighth restless 

211 91 

30 68 










50 97 

30 47 

58 

14 9 

083 

19 

34 

47 

1 02 

29 40 

Asleep 30 min 

63 CO 

30 47 

GO : 

21 3 

0 79 

17 

59 

21 

1 01 

32 81 

Asleep 10 min 

11163 

36 63 










64 04 

36 34 

59 

29 8 

0 78 

18 

02 

20 

1 01 

32 01 


50 94 

36 04 

60 

90 

0 80 

19 

39 

42 

0 91 

29 87 


114 98 

37 24 










163 91 

37 57 



0 76 

14 

70 

10 

1 30 

4109 

Verj quiet 

ICS 27 

37 60 



0 79 

14 

61 

23 

1 82 

42 01 

Verj quiet 

329 18 

SO 97 










8217 

37 02 



0 78 

10 

83 

7 

134 

43 26 

Restless 

6916 

37 06 



0 75 

12 

75 

13 

110 

35 47 

Restless 

15133 










87 01 



0 72 

10 

84 

6 

1 41 

45 49 

At 11 40 a m , 


36 97 



0 78 

9 

70 

21 

1 45 

46 87 

oatmeal 


37 09 



0 78 

11 

67 

22 

126 

40 62 



37 01 



0 72 

11 

84 

5 

1 23 

39 81 


135 33 






















TABLE 4 — CALORiMrrrp 


‘'Uhjrct, 





** 

— 


' 


Dnti , 

■WHt ht. 
''tirtnfr 

I’, riod 

1 nd 
ol 

Pr*'od 

Ctrthon 

JdosM, 

ti'ii 

O’'!!'-'*, 

, It Q 

It rite', 

Urlpe K 

jM-r 

1 Indircci 
Cnlo 

^ Herrt 

1 llmi 

\re>i, I hienr 



Ota 

Hour, 

rlineirj 

. nated, 

I onimlnt 







Gtii 

Cnl 

Cal 

l)n\id K 

I’rilhi) 

0 1 

f 




rr-lr_i,,r.- 


— —— ' ■ . I ■ 

i:uv 









ii. Jr 

1 

30 :i 

2-d;i 

* i» 4 

0 72 

27 1 

(S d 

7i 

CiKO 



It .1 

22 O, 

1 .1 7-^ 

1 

C-7C 


02'd 

7105 

CT 05 





1 




145 01 


ttl'e (\\ tn \) 

l'f> Urn 

11 K 


I 






ii* . r. 

CC <1 Kj 

1 

t-t » 

2' 21 


1 i . 




12 18 

IV J ‘'<1 M 


i* '1 

0--2 

09 41 

72 5S 


1 

2 IZ 

\ 

21 Cf' 


os 

r. 15 

02 r -2 

7014 

75 00 


t 

<u 

. i: 

21 U 

.’f 

t's' 

'■I 11 

OK 2 

73 41 

73 48 









213(32 


IMlIInm \ 

IVellM 

10 (0 

















i Kg 

J V >1 s/j 

1 

3* 10 

.121 

21 r-^ 

0 ‘-1 


02^3 


73 83 


12 10 


17 

O'--' 


P2:'3 j 

1 74 0' 

1 75 33 



1 10 

* 1 7k/ 

VC f 

OTh 

W>- 

CK20 

7t>33 

78 00 




1 

i 


1 

I 


22133 


Cn^e 1(1 ('Ihi-o s) 

rriliii' 

11 10 





1 












C'Jti Kg 

1 Ob Vq M 

1 

12 10 

15 


OS 

7'03 

0 451 

C7K0 

77 23 

o 

1 10 

25"; 

21 15 

OKI 

r- 25 

0 451 

71 40 

7C(» 









139 20 


'1 heodore S 

iTdlin 

11 15 

















C'M4 Kj 
ICSSq M 

1 

12 15 

21 Co 

l^^TO 

OKI 

V 00 

0SS5 

C2.97 

7311 


O 

1 15 

22’^ 

.0 JS 

OSS 

57 7 > 

0 3'5 

C7 4S 

73 83 











Tlicodorc S 

rrUhn 

11 10 








ilblU 









C0 2S Kr 
IG'Jbq M 

1* 

1 10 

51 OS 

"1 50 

0«0 

roci 

0588 

HH 

11SC5 


2 

2 10 

22 82 

20 53 

OSl 

32 00 

0 359 

CS47 

72 40 









173 57 


Theodore S 

ITclIm 

11 50 








2/0/14 









61 15 Kg 
ITO&q M 

1 

32 50 

21 11 

18 41 

OSS 

21 14 

0 391 

Cl CO 

6C93 

2 

1 50 

22 31 

1011 

0 85 


0 391 

C4 SO 

GO 83 









133 PG 


Theodore S 

Prelim 

11 10 








2/18/11 








70 40 

Cl 09 Kg 

ITlSq iM 

1 

12 10 

24 51 

20 10 

OST 


0 391 

C9 SS 

75 79 


2 

1 10 

2185 

21 15 

081 


0 391 







n 


1 

140 40 



* IM, hours i In the case ol Theodore S the height ^^cIEht formuln 







— Experiments — (CoiUwucd) 


Direct 
Calo- 
rimetry 
(Kectal 
Temp ), 
Oal 

Rectal 
Icmp , 

C 

Aver- 

age 

Pulse 

■Work- 

Adder, 

Xon- 
protein 
R Q 

Per Cent 

Calorics Irom 

Calories 
per Hour 

Remarks 

Cm 

Pro 

tcln 

Pat 

Oarbo 

lijd 

1 

Per ' 
Kg 

Per Sa M 
(Mccli) 


36 96 










76 52 

3711 



0 72 

14 

82 

1 1 

1 16 

87 66 


ecu 

3710 

• 

* 

0 75 

14 

73 

I 

33 

1 11 

36 27 


142 CC 

SC 96 


• * 







Basal, flat in bed 

C2 29 

SC 77 

62 

20 2 

0 93 

15 

20 

6.3 

1 10 

S3 17 

Restless 

G9 4S 

36 71 

CO 

10 5 

063 

11 

68 

IS 

1 11 

33 62 

Pairly quiet 

70 55 

36 60 

62 

10 0 

0 81 

14 

62 

21 

1 16 

37 31 

Quiet 

202 32 

36 69 







1 


In steamer clinlr 

66 72 

36 76 

66 

10 0 

065 

15 

41 

B 

1 13 ^ 

30 36 

Quiet 

72 33 

36 71 

66 

10 5 

062 

11 

53 


1 18 

38 01 

Quiet 

73 06 

36 62 


20 0 

078 

11 

65 

00 

1 21 

39 19 

ralrli quiet 

21211 

1 

37 14 


• 

[ 

1 ■ 

• 






Basal, flat in bed 

89 22 

30 94 

1 49 

210 

081 

IS 

40 

sc 

1 14 

36 14 


7130 

36 93 

50 

232 

082 

17 

52 

31 

110 

38 03 


160 52 

70 46 

3710 

37 03 

1 

53 

19 

! 

0 85 

10 

11 

10 

1 06 

33 58 

f Sitting up ultli 
< backrest at angle 

1 of about SO deg 

75 61 

37 13 

52 

09 

063 

15 

51 

31 

1 IJ 

33 99 


140 07 

1 

37 03 



* 





i 

Basal, flat in bed 

86 70 

36 87 

50 

100 

0 80 

14 

60 

26 

lie 

37 09 


65 32 

36 94 

47 

OG ‘ 

1 

0 81 

14 

56 

SO 

1 14 

30 20 


152 02 











64 71 

37 06 

36 83 

49 

67 

0 84 

17 

45 

38 

101 

32 28 

' Sitting up uith 
backrest at angle 
of about 50 deg 

6715 

36 86 

46 

37 

0 86 

10 

40 

14 

1 05 

33 67 


131 86 

37 01 




1 





Basal, flat in bed 

66 94 

36 95 

54 

85 

088 

15 

34 

51 

112 

85 99 


75 32 

36 95 

55 

55 

0 84 

16 

45 

40 

115 

30 84 


142 26 






1 


1 






















P ]V Pi: \BODY-~ 1 L ME) ER-E 1 Dl POJS 


097 


Patients \Mth compcn‘:atccl cauluic lesions oi ^\ltl^ mild nephritis 
show ed no increase in the mctabohsni Of t\\ eh c patient^ w ith dj spnea, 
nine showed a distinct use in mctaboh‘'ni, aiul in fne of these the 
increase was fioin 25 to 50 ))ci cent aho\e the axtia^c noimal Two 
out of the five ga\e cxidciKe of marked acidosis in the low content of 
carbon dio\id in the aheolai an In two othcis, whose mctabohsni 
w'as just as high, tlicie w’as no significant dcpiession of the ahcolar 
carbon dioxid 

697 Huntington Aicnuc, Boston — 177 First \\cnuc. New Yoik 


itnroui or c\sis 


C\si 1 — Arthur V, aged 40. Italian, admitted Fch 10 1915, dischaigcd 
March 3, 1915 Service ol Dr Xammack 

Diagnosis Clironic nephritis clironic nnocarditis with decompensation 
Complaint Dj spnea and cough 

Past Historj XV\ei sick before except for an attack of bronchitis three 
months ago No historj of venereal disease 

Present Illness Has been “feeling jioorlv” for one month. For twelve dnjs 
has had shortness of breath 


Phvsical Examination (Februarv 12) 0 lie patient is a well built and faiilj 

well developed man Height 155 cm Skin is shghtlj vellovvish Sclcrac clear 
He IS dyspneic and ortbopneic There is a slight cvanotic tinge to bis bps and 
ears Respiration is rapid and shallow , rate 30 Pneumographic tracings show 
respiration to be periodic in tv pc Heart Dulncss extends from 16 cm to the 
left of the midsternum in the fifth sp.icc to 5 cm to the right in the third space 
The action is regular At the apex there is a weak first sound with a faint s>s- 
tolic murmur and a weak second sound Gallop rhjtiim at the apex Pulmonic 
second sound is louder than the aortic second sound No murmurs at the base 
Radial artery not palpable Lungs Slight dulness at extreme right base pos- 
teriorly Large moist rales at both bases Abdomen, negative Liver Dul- 
ness extends 3 cm below the costal margin Edge mdistinctb felt No edema 
Pulse Varied in rate from 72 to 116 between Ftbruarj 10 and February 18 
Temperature Between February 10 and February 18 varied between 97 8 
and 101 F except on February 13, when it reached 103 F (rectal), February 
16, when it was 102 2 F (rectal), and February 17, when it was 102 4 F (rectal) 

Urine February 10, specific gravity, 1 026, albumin, very faint trace One 
hyaline cast 

February 14, specific gravity, 1020, albumin, cloud Few casts 
February 23, specific gravity, 1020, albumin, faint trace No casts 
Blood Pressure February 15, systolic, 110 mm , diastolic, 70 mm 
February 16, systolic, 120 mm , diastolic, 75 mm 
February 24, systolic, 120 mm , diastolic, 60 mm 

Phenolsulphonephthalem Test February IS, first hour, 20 per cent , second 
hour, 12 per cent , total, 32 per cent ’ 

February 27, first hour, 50 per cent , second hour, 13 per cent , total, 63 
per cent 


March 2, 1915 Roentgenoscopy does not reveal evidence of aneurysm or 
dilatation of the aorta Cardiac shadow is triangular m shape with enlarge- 
ment of the right heart Cardiophremc angle is obtuse 

Medication Patient was on a “soft special” diet, consisting chiefly of milk 
cream, bread, butter and eggs Strophanthin, 0 5 mg , intramuscularly, on Feb- 
ruary 10 Digitalis from February 13 to February 22, inclusive 



MS 


7///: ARC! HI IS Of INIRRh IL MRDfClhC 


Dvti 

2^12 


Diit Cii\tT Si;mm\pv 

rood I'ond 

Cilnrics X. (>m. 

12K, 


7 2*5 


Unrip 
Vo! Cc 
S>iO 


Unnc 
N, Gm 
1027 


16 


tncthod) I'cl.nnrj 12. 219 mm , Ftbrunn 
.lOh inm , 1 «i)rinrv 27 *10 mtsi 

1 Icctrotot (lu.fr im ■ 1 d.rii ir\ 2o “R" v.ut muOI m .dl lct(R, directed 
down m Kid d "I” w ut* hrmr m dl h mU 

In the ten di\s lollo.vm^' the oh t.r\ itums m the cdnrmuttr, the poticnl’*! 
toiuhtum 'howed litth ihuui Hu (Kvj.m tlu.ufh o{ onl\ modrntc grade 
while he v .u at rest. impro\t<l hut little RluMe.d t'.’nmm iiion remained 
jiracticnlh micinnpefl 

In c.ilormu iir. 1 eh 12 lOJl, Xo IS<; 

lihrnire 11, the ih^pnei u *'omtvhit U‘>«; milled The pulse is a little 
sin dll r nnd the he irt .ictuni tut* quite s*» •troiiu 

1 (hriiir\ 2h, semis imiuo nl Miuh U<s dsspncic PiiRr sneg^stuc ot a 

Corrifnn 

C\e! 2 — \rmnM \\' uud .11, pc<ihr, horn m Himfrv, admitted Teh 9, 
lOlS, discharged 1 th IS 1015 Striiit of Dr N.immieh 

Diat'tioMs Miir.d steno'ts md insutncuncj Auricul.ir fihrill ition 
ComphniU I’lm in hi art .md rieht side 

Pa<l IIi<ior> \\ IS ne\(r ‘uK up to sim months nfo Has hem in hospitals 

twice during list sj\ months on .iccount ot iKspne.a and sv olkii feet Xo 
Instorj of rheum itism or •\phihs 

Present Illness \n improsemint *uu*t discharged from Ikth Israel Hospit.al 
Ph\sie'al Il'amination (I'thni.irv 11) Patient is a fairh well Innlt aoting 
man Height 161 cm Respir Uion, 2S per minute Slight ceanosis Heart 
dulncss extends from 12 cm to left ot the midstermiin m tlic fifth interspace to 
the right stcrn.d herder of the sternum First sound at apex is loud and is 
followed h> a rumhlmg sjstolic niurintir Second sound is loud and is followed 
h> .1 rumhling diastolic murmur which extends through the short diastoles but is 
followed 1)3 a pause before the first sound m the longer diastoles Both second 
sounds are normal .it the has*. Action absolutch irregular Pr.icticalh all the 
be.its reach the wrist 
Temperature Xorm.il 
Pulse From 156 to 72 

Rcspir.ition From 26 to 28 During l.vst three da\s it was from 20 to 2-1 
Medication Special diet Infusion of digitalis, e\cr> four hours from 
Februarj’ 9 to 10 

Wassermann (Feb 10, 1915) + + -f 

Blood Pressure (Februarj 18) Sjstohc, 110, diastolic, 70 
Urine February’ 10 specific grasita, 1022, albumin, 0, no casts 
February 17, specific gr.uitj, 1030, albumin, faint cloud, no casts 
Alveolar Air (Plcsch method) Februars’ 13, carbon dioxid tension 44.2 mm 
In c.alorimctcr Feb 13, 1915 

Gasp 3— Fred D, aged 17, clerk, admitted Feb 13, 1915, discharged March 
19, 1915 Screice of Dr Nammack 

Diagnosis Mitral stenosis and insufiTicicncy 

Complaint “Shortness of breath ’’ tj ,i 

Past History First attack of rheumatism at the age of 6 jears He made 
a complete recovery and was well until a second attack of rheumatism at 
11 years of age Since then he has been pcrfcctlj w'ell up to the present illnws 
Present Illness Began three weeks ago with pain in the abdomen He 
stopped work for one week but after that went back to w'ork for tiyo weeks 
During the w'eck before admission to the hospital he was troubled w-ith marked 
shortness of breath Edema of feet began on the day before admission He 
has had a cough for three days 
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Phjsical Examination (Fcbruarj 16)* The patient is 157 cm tall He is 
slightly c}anotic and orthopncic. No clubbing of fingers Heart Apex impulse 
IS in the fifth space 9 cm to the left of the midstcrnal line Cardiac dulncss 
extends from 12 cm to left of midsternum m the sixth space to S cm to the 
right in the fourth space Action regular At the apex the first sound is followed 
by a blowing S3Stolic murmur, the second sound is distant and followed by a 
long rumbling murmur winch extends through diastole The pulmonic second 
sound is accentuated There is a loud sjstolic murmur in the fourth and fifth 
spaces just to the left of the sternum and transmitted to the right The lungs 
arc negatnc except for scattered rales and dulncss at the extreme left base 
Luer not felt Abdomen negatuc Slight edema of legs 

Urine Specific gra\itj. 1 030, hca\j. cloud of albumin, many casts 
Temperature has ranged from 100 to 102 since admission 
Pulse has varied between 96 and 112, respirations from 24 to 32 
The patient was in the calorimeter, Februar} 15, the day preceding the fore- 
going phjsical examination, and on Februarj 23 

February 19 The patient is now almost completely compensated at rest 
Respiration less rapid and less labored Slight cvanosis persists FI cart dul- 
ncss extends from 10 cm to the left in the fifth space to 3 5 cm to the right 


in the feurth space 

Action regular 

Sounds and 

murmurs 

are unchanged 

He has been passing 

large quantities of 

w atcr 




Food 


Urine 

Urine 

Date 

Cal Food N 

Urine N 

NaCl 

Vol,Cc 

2/15-16 


12 61 


913 

2/16-17 

518 392 

1428 


2,430 

2/17-18 


1169 

2695 

4,800 

2/18-19 

1,139 4 90 

7 90 

2048 

1,880 


February 24 Blood pressure sjstolic, 95, diastolic, 70 
February 17-24, temperature \aried between 98 4 and 99 8 (rectal) 

February 20 Urine Albumin negative, no casts 

The patient w'as on the Karrcll diet and received digitalis from February 14 
to February 17, inclusive 

February 24 Blood culture sterile Wassermann negatnc 
March 13 Up and about 

Alveolar Carbon Dioxid (Plcsch-Higgins method) February 15, average 
27 7 mm , February 16, a\eragc 33 7 mm , February 18, average 36 7 mm , 
February 23, average 37 2 mm 

Medication Digitalin, 10 minims every four hous (8, 12, 4) the night before 
going into the calorimeter (Feb 15, 1915) Also digitalin, 10 minims, every 
four hours (8, 2, 6) on the day of the calorimeter (Feb IS, 1915) 

No electrocardiogram 

Case 4 —Edward M , aged 37, chauffeur, born in the United States, admitted 
Feb 15, 1915, discharged Feb 27, 1915 Service of Dr Coleman 
Diagnosis Mitral insufficiency and auricular fibrillation 
Complaint Dyspnea and edema of the legs 
Family History Negative 

Past History Had rheumatism m 1908 The attack lasted about one year, 
and affected all the joints of his limbs He was m bed off and on Four years 
ago he was refused life insurance He has had dyspnea, palpitation, edema of 
the feet and vertigo for several years During the last year these symptoms 
have been severe This is his third admission to the hospital since last May 
No history of venereal disease 

Present Illness Legs have been more swollen during the last week Dyspnea 
and cough are more severe, so he has returned to the hospital 

Physical Examination (Feb 17, 1915) The patient is a large, well devel- 
oped man He is orthopneic and distinctly cyanotic, but his respiration is 
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uu! sio- m. hh .rtO u \ NcUnlu H, cont-lis otra<joiulU but 
unu li»i!r .putuu Hitri Dulm- r^un-i trom U cm tn iJu bn o; the 
nntlMrrfUtm in tiir fifih •{. ur tn { iin tf» tin ru-lu m tin icurtli -^p.ict Pukt 
in lorci .uni tiiMinn \n pubt ,bbc,i \s Uu ipc' the first 
-mmJ IS jHM.r in (juihts. mul n lullowcl hs x blowirm .%stoht murmur v.luch 
IS 'nmnmtul u> tin b-u \<i murnmrs u the l.ist Pubinmic second sound 
IS louder thui tin lortn Kndiil irt. - m.t j. dp d.k bum- SliHit dulntss 
u tin icit 1 ms, po lenorh .Nuunnm. ibd.int untl •nnnnms -.di s throughout 
the c!hs$ l,,vir ! dm indistiuctU in id, out sun htlnv tht rossil nnrfjin in 
tin riphl in.numir\ liur No llunl m tin .dnloinn 'slu'ht uluin of ilit Ind 
nnd let's 

I’ubt, iHtvtr.i l,bnu>r\ b, nnl 1 tbrinrt 20, r uimd irom Sb to 108 It 
%\ is 120 ouu .ind 1 ?0 o.iu 

IciuptrOtut rcichtd 102 1 (revt.d), Ul)riMr\ It. Irom then to Ftbruart 
2t) It u.fs b'lnU O'} S' 1' frettd) 

Ktspirition uirnd from 2i to '0 on the iirst thru d.i\s m the hospit.d. and 
u.is stib- tiiiicnth 20 or lu* 

illood Prtssur, 1 thru ir\ 1() s\stolic, 120, <h istohc b’s 
Unin rcbruir\ I(i, sptutic prautv. 102^. tract of albumin, no casts 
Mtihcition Sent dnt Du’it \hs irom r<bruir\ 1(> to rtbru.irv l‘> infusion 
ot dii’itdis, 20 minims, the inplu luiori and on tht d n, ht was m the calorimeter 
Ahtolar \ir ( I’lesih nnthod ) I ihriiart 10 cirhun dio\id ttnsion, 5S 3 mm 
r,h ctrocirdiOf'r.im sho\u anricnl ir lihrill itnm ‘7’ u uts directed down 
III the second and third leads 

Patum rt pained compeiK ition ripidh, and on rehruar\ 24 was hegimiing 
to pel tip in i eh nr 

In cdorniuttr, Pth 17, PdS 

Discharged. I eh 27. 1015 General ecunlition \erj good Csanosis much 
impro\etl Walks around without shortness of breath Pulse still irregular 
C\s} 5 — Charles L, .igtd 54 lahortr, horn in the United States, admitted 
rtbniarj 10, 1915 <hscbirgtd Ptii 21 1915 Strucc of Dr J. imbcrt 

Diagnosis Ulironie ntpbrilis witli luptriuision Cardiac luiiertropli) with 
aortic nisufiieieiiev .ind mitral insnfiicieiu} Dniplnsuna 
Complaint Sliortness ot brt itli 


ratnih Ilistors Xepalnt 

Past Ilistors 7 iirtc stars ago lie was sick for nine weeks witii rbcumatism 
He bad crjsiptlas following a iracturc of the skull si\ jears ago He drinks 
a considerable amount of beer There is no bistort of sjpbibs 

Present Illness lie lias noticed thspnea for about a month when he went 
upstairs Tor two weeks tins has betn much worse and he has been unable to 


sleep at night 

Plijsical Examination (rebruart 19) The patient is a rather large, strong 
man His skin has slight jcllowish tinge Lips and mucous membranes arc of 
fair color There is no definite evanosis Respiration is quiet but somewhat 
rapid Respiration is periodic in ttpc, but without intervals of complete apnea 
The chest is large, almost barrel-shaped Heart Diilncss extends from 14 cm 
in the fifth space to the left of the midslcrnum to the right sternal margin 
No area of absolute cardiac dulncss Action regular At the apex the first 
sound is rather faint and it is followed bj' a blowing sjstolic murmur The 
second sound at the apex is also faint, it is follow'cd bj a blowing diastolic 
murmur Both systolic and diastolic murmurs arc well heard in the axilla and 
over the prccordium They arc also audible in the first and second spaces to the 
right of tlu sternum The murmurs arc loudest in the first space to the 
right and in the second space to the left of the sternum The pulse is of good 
size, high tension, and distinctly collapsing in type Artery ivall n^ palpable 
Lungs Emphysematous Scattered rales in both sides of back Fairly fre- 
quent cough, but little expectoration Dulness wuth absent breath sounds at 
extreme right base posteriorly Abdomen negative except for slight tender- 
ness in region of the liver Liver not felt No edema 
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Temperature Varied between 98 and 100 F (rectal) 

Pulse Varied between 64 and 100 

Respiration Ran between 28 and 36 on the first two dajs— later between 
20 and 28 

^Yasserlnann Reaction Nccatue 

Blood Pressure rcbrnari 17, sjstolic, 180, diastolic, 90 

Phenolsulpbonephthalcin Test rebruary 20, fust hour, 10 per cent , second 
hour, 20 per cent , total 30 per cent 

Urine February 16, specific graMt},1 020, albumin hca\N cloud, many casts 

Februarj 21, specific graMty, 1018, albumin strong trace, main casts 

SUMM\R\ 01 DiLT CiI \UT 

Food Urine Urine 

Date Cal FoodN Vol , C c Urine N KaCl 

2/19-20 1 524 582 685 8 55 1217 

I^Icdication Special diet Restricted fluids Infusion of digitalis c\er} four 
hours from Februarj 18 to Februarj 20 Infusion of digitalis just before going 
into calorimeter 

Alveolar Air (Plcsch method) Februarj 19, carbon dioxid tension, 394 mm 
at 3 30 p m 

In calorimeter, Feb 19. 1915 

Case 6 — Anmo T aged 14, born in the United States, admitted Jan 14, 
1915, discharged March 25, 1915 Scrxicc of Dr Lambert 

Diagnosis Congenital heart disease Open ventricular septum Dextrocardia 

Complaint Heart trouble, headache and trembling 

Familj History Ncgatnc 

Past History Negative except for the dyspnea associated with her cardiac 
condition 

Present Illness Comes to hospital on account of a sc^crc attack of head- 
ache, wnth palpitation of the heart, and stomach ache Has had similar attacks 
before 

Physical Examination Height 137 cm The patient is a small, rather under- 
developed girl, dull mentally She lies flat on her back breathing quietly but 
slightly rapidly There is a high degree of cyanosis of lips, tongue, nose, hands 
and feet There is marked clubbing of the fingers and toes The chest is 
asymmetrical Right side more prominent than left Heart Apex impulse is m 
the fifth space 9 cm to the right of the midstcrnal line The dulness extends 
from 11 cm to the right in the fifth space to 4 cm to the left of the midsternum 
in the fourth space No thrills are felt At the apex, just below and outside the 
right nipple, the first sound is scarcely audible, and there is a loud blownng 
systolic murmur The second sound is weak There is a loud systolic murmur 
heard all over the precordium and to the left of the sternum Its maximum 
intensity is in the fifth space just to the right of the sternum There is a 
loud, low pitched systolic murmur in the second space just to the left of the 
sternum, and also in the second space to the right of the sternum Lungs 
Negative on auscultation and percussion Abdomen, liver and spleen negative 
Skin harsh and dry 

Roentgenoscopy reveals transposition of heart and colon Stomach and liver 
are in normal position 

Temperature Ranges between 98 4 and 101 F (rectal) 

Pulse Usually vanes between 86 and 108 

Respiration Now from 20 to 24 , 

Blood Pressure January 27, systolic, 95 mm 

Urine January 15, specific gravity, 1025, albumin, cloud, granulai casts 

Alveolar Air (Plesch method) February 18, carbon dioxid tension 25 2 mm 
at 4 p m 
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February 21 The patient has Chcync-Stokes respiration — periods of apnea 
and periods of intense djspnca He is very uncomfortable nith Ins breathless- 
ness His condition appears to be much worse 
In calorimeter, Feb 24, 1915 

Iilarch 7, 1915 Patient has improved very little Fairly comfortable during 
the dai, but each night suffers from shortness of breath and great restlessness 
Heart action is rapid, and there is a gallop rlnthm m spite of digitalis Res- 
piration IS of Chejnc-Stokes type Left hospital against ad\ice in a serious 
condition Died April 17, 1915 

Case 8— Henrj' R, aged 40, born m the United States, \\ alter, admitted to 
hospital, Jan 22. 1915, died March 20, 1915 Necropsy not obtained SerMce 
of Dr Nammack 

Diagnosis Clironic mjocarditis Emphjscma Chronic nephritis (^) 
Complaint Shortness of breath 

Past Historj S\philis three \cars ago Was in Bellevue Hospital in May, 
1914, with lobar pneumonia Has been in hospital since then with diagnosis 
of chronic mjocarditis the first lime, and chronic cardiac valvular disease the 
second time Drinks two or three whiskies a dav 

Present Illness Comes into the hospital again because of increase of 
dvspnea since catching cold On admission the clinical picture was that of an 
acutely decompensated heart Februarj 6, he began to run an irregular tem- 
perature, reaching sometimes 103, rectal The diagnosis of bronchopneumonia 
was considered February 21, the temperature fell to normal Since then the 
highest temperature has been 101, rectal General condilion has not improved 
essentially 

Physical Examination (February 26) * The patient is a big strong negro 153 
cm tall Respiration is very rapid and shallow, rate, 40 There is orthopnea 
Tongue and conjunctiva are rather pale Ejes are prominent Chest is very 
large Heart Dulness extends from 12 5 cm to the left of the midsternum in the 
fifth space to 3 cm to the right in the fourth space The action is regular and 
rapid Sounds are of fair qualitj No murmurs arc heard There is a well 
marked protodiastolic gallop rhythm, heard best just below and outside the 
left nipple Aortic second sound is slightly accentuated and ringing Pulse 
IS of fair quality, rate, 116 per minute Artery wall not palpable Lungs 
Marked emphysema Slight dulness at extreme right base posteriorly A few 
scattered rales throughout both lungs Many moist rales at the right base 
behind Abdomen, negative Liver Edge easily felt about 3 cm below the 
costal margin in the right nipple line Slight tenderness over the liver Very 
slight edema of the feet and lower legs 

Urine Clear, amber, 1022 specific gravity, acid, heavy cloud of albumin, 
many hyaline and coarsely granular casts, many leukocytes 
Blood Pressure February 18, systolic, 138, diastolic, 105 
February 27, systolic, 160 , diastolic, 120 

Phenolsulphonephthalein Feb 27, 1915, first hour, 30 per cent , second hour, 
18 per cent , total, 48 per cent 

Wassermann, January 30, double positive, 12 units 

Alveolar Air (Plesch-Higgins method) February 25, carbon dioxid tension, 
41 1 mm at 5 p m February 26, carbon dioxid tension, 39 9 mm at 4 30 p m’ 
Medication Soft diet Morphin Infusion of digitalis Tincture digitalis 
Codein grain, the night before and the morning before going into calorimeter 
Temperature January 22 to Jan 28, 1915, 99 to 101 January 28 to Feb 1 
1915, 99 February 2 to Feb 7, 1915, rose to 103 5 once February 8 to Feb’ 
12, 1915, 100 to 101 5 February 12 to Feb 16, 1915, 100 to 104 Remainder of 
time, 99 to 101 

In calorimeter, Feb 26, 1915 


A ^ admitted March 18, 1915, discharged 

April 5, 1915 Service of Dr Nammack * ^ 



]004 


I in: iRciiij'i:': oi- imi:rnil medicine 

Dingno^c*: Aortic icRurpitatioii and stenosis Mitr.il regurgitation Tri- 
cnspid regurgitation Aneurssm.il dil.itation of tlic .lort.i 
Chief Complaint Shortness of hreath 

P.isi Iliston Mt.isles ,ind whooping cough as child I’ncumoiiia t\\cnt> 
sc.irs ago 

Present Illness Duration for past \car 'Jen weeks .igo found that he 
could not work proficrh on aecount of shortness of bre.itii H.is had hoarse- 
ness and sore throat Nocturia r.itlier freejnent Occasional headaches [Marked 
ehspnea, espccialK after work Has had no swelling of ankles or legs at anj 
time Coughs frecpienth and has m.itked night sweats 

Plusical Examiintion (March 23, 191 S) Patient is a dark negro of mus- 
cular dcselopment Is 169 cm (5 feet 7 inches) tall Orthopncic and despneic, 
hreatlimg 26 to the niinute Not prostrated nor m much distress An occasional 
unprocluctne cough Heart Ape \ heat in si\th space. 15 cm to the left Action 
IS regular, not rapid, forceful At the ape\ there is i blowing systolic murmur 
tr.msmitted to the left, and a waterfall diminuendo diastolic murmur heard 
with inaMiTium intcnsitv to the left of the sternum, hut audible o\er the whole 
prccordium In the third left space there is a short press stohe murmur (Flint^) 
Os or the aortic region there is a harsh ssstolic and a soft diastolic murmur 
Pulse Large excursion, eiuick rise and fall \rters ssall moderately thick- 
ened Lungs Xo dulness, mans sibilant and sonorous r.'iles Cersical, axil- 
lars, epitrochlear. inguinal glands considerabls enlarged 

March 19 1915 Llcctrocardiogram shosss a large “P” ssase and the “T” 
ssasc IS directed upssard m each lead There is marked left sided preponderance 
April 1, 1915 Some dsspnea Complains of precordial pain Heart not 
much changed 

Urine Xcgatisc 
Blood No data 

Temperature ran to 1015 P, March 18, 1915, bclosv 100 P the rest of the 
time 

Pulse March 18 1915, from 104 to 112, ^larch 19, 1915, from 70 to 80 
Respiration March 18, 1915, from 20 to 32 
In the calorimeter, March 24, 1915 

March IS, 1915 Pupils unequal React sluggishlj Aortic arch is dilated 
and heart is greatly enlarged dossn and to the left, also to the right of the 
midsternal line Sjstolic thrill palpable os'cr the aortic area Apical impulse 
IS forceful Systolic and diastolic murmur is heard at the apex Aortic second 
sound IS accentuated A sjstohc murmur is heard os'er the tricuspid area 
There is an extracardiac sound heard wdiich appears to be a pericardial mb 
The pulse is of a t 3 ’pical Corrigan type 

March 22, 1915 Condition lmpro^cd Rh 3 'thm regular Rate slow Peri- 
cardial scratch persists Seems much better compensated 

Medication Digitalin, 15 minims, cver 3 ' four hours, the da 3 ' before going 
into the calorimeter Also Vi grain codein, the night before going into the 
calorimeter 

Case 10 — August F, aged 62, tailor, married, admitted April 26, 1915, died 
May 20, 1915 

Diagnosis Chronic interstitial ncpliritis and auricular fibrillation 
Complaint Shortness of breath Swelling of feet Pam in chest 
Past History There is a family history of cardiac disease He was told 
that he had albumin in the urine many years ago He had pneumonia long 
ago Has had no rheumatism Three months ago fluid was removed from 
his chest 

Present Illness Began three years ago with a feeling of fatigue and short- 
ness of breath He has had remissions ever since Also occasional headaches 
and night sweats He feels very weak 

Physical Examination The patient is 159 cm tall He is very orthopneic 
and in considerable distress His lips are dry and c 3 'anotic Teeth are a 
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There are main rales over both bases of the lungs Heart Right border 3 cm 
from the midstcrnal line Upper border at the third rib Left border 14 cm 
and the apex 13 cm from the midstcrnal line There is a faint systolic blow 
heard over the apex The sounds arc of poor muscular quaht> There is a 
harsh systolic murmur heard over the aortic area The pulse is somewhat irregu- 
lar Walls palpable 

April 27 Pulse slower after stroplianthin and digitalis 
April 29 A rough, hard s}'stolic murmur is heard over the base of the 
heart, loudest in the third left space The second sound is also loudest in this 
site There is a moderate amount of fluid m the abdomen Edema of the 
extremities 

Ma> 1 Dulncss at both bases posteriori} Breath sounds diminished in 
intensity at the bases, where one hears an occasional rale The cardiac impulse 
IS less pronounced than on admission The heart is still mucli dilated There 
IS a rough blow at tbc mitral area The aortic second sound is slightly prolonged 
The heart impulse is m the fifth space 12 cm to the left of the midline The 
left limit of dulncss is in the sixth space, 12 5 cm to the left of the midline 
Right limit of dulncss is in the fourth space, 4 cm to the right of the midline 
There is a sjstolic murmur of maximum intensity to the right of the sternum 
The patient has very scant beard Pubic hair of female t>pc The patient is 
\ery orthoprcic distii ctl} dyspncic and shows marked Chcync-Stokcs breathing 
when asleep or quiet He is slightly cyanotic There is distinct edema of the 
flanks and legs The breath is slightly urinous 

Urine Cloud}, amber colored, specific graMl}, 1010, trace of albumin, 
hyaline and granular casts, leukocytes, erythrocytes 

Blood Pressure Systolic, 170, diastolic, 110 (^), May 1, 1915 
Blood Leukocytes, 15,600, polymorplionuclcars, 68 per cent , transitionals, 
3 per cent , lymphocytes, 25 per cent , large mononuclears, 4 per cent 

Temperature April 27 to May 12, from normal to 100, May 13 to May 
19, 103 

Respiration During high tcmpciaturc, from 24 to 32 
Pulse During high temperature, from 104 to 120 

Electrocardiogram May 3, shows auricular fibrillation and left hypertrophy 
Phenolsulphonephthalein Test May 8, first hour, 13 per cent , second hour, 
11 per cent , total, 24 per cent 

The patient grew more and more orthopneic and dyspneic until death Breath 
became more urinous 

Case 11 — ^William S, aged 48, longshoreman, admitted Dec 22, 1914, dis- 
charged March 1, 1915 Service of Dr Coleman 

Diagnosis Adherent pericardium and auricular fibrillation 
Complaint Shortness of breath Pam m lumbar region 
Past History Healthy until 1913, when he had pneumonia and was m 
Ward B2 of the Bellevue Hospital After discharge he was weak and dyspneic 
for two months and was unable to work Since then he has had a productive 
cough He has lost weight and has had hemoptysis There is a positive his- 
tory of syphilis and gonorrhea 

Present Illness Dec 22, 1914, while unloading heavy lumber, he became 
suddenly short of breath He rested but obtained no relief 

Physical Examination The patient is 171 cm tall, a moderately well nour- 
ished man, propped up in bed, markedly dyspneic and somewhat cyanotic Pupils 
I are sluggish He is breathing rapidly and shallowly There is diffuse systolic 
impulse over a broad area at the apex The area of absolute cardiac dulness 
IS very much enlarged The sounds are of poor quality There are no murmurs 
The abdomen is distended and somewhat tender The liver is felt at the 
umbilicus Heart Right border is 10 cm to the right of the midline, left 
border, 14 cm to the left of the midline A triangular area of dulness 
Wassermann Anticomplementary 
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THE ARCHIVES OP INTERNAL MEDICINE 


Jan 2,^1915 General condition much impro\cd Broadbent’s sign present 

Jan 27, 1915 Patient sat up for two hours without any ill effect 

Feb 3, 1915 Tlircc da\s ago the patient dc\ eloped shortness of breath, 
prtcordial pain , edema of the extremities 

Feb 10, 1915 D\spnea less marked C>anosis persists Heart action icry 
irregular, sounds faint, no distinct murmurs Regurgitant wa\e in the jugulars 
Few moist rales at bases 

Feb 28, 1915 Distention of abdomen relieved b> catharsis Dyspnea con- 
tinues Heart irregular Condition impro\cd slightlj 

Urine Dec 23, 1914, clear, pale amber, specific graMty 1 020, acid, faint 
trace of albumin, few hjalinc casts 

Blood Dee 24, 1914, Icukocjtcs, 4,800, poljmorplionuclcars, 73 per cent , 
transitionals, 5 per cent , Ijmphocjtcs, 12 per cent , large mononuclears, 8 per 
cent , eosinophils, 1 per cent 

Temperature December 23 to December 25, from 101 to 103 F December 
26 to Feb 28, 1915, from normal to 99 F 

Pulse In the beginning from 100 to 146, later, from 60 to 80, then from 
80 to 95 

Respiration In tlie beginning, from 28 to 36, later, from 24 to 28 
Blood Pressure Dee 26, 1914, sjstolic, 110, diastolic, SO ( ^) 
Electrocardiogram December 28, auricular fibrillation, “T” wa\cs directed 
down 111 all leads 

Rocntgenoscop} December 30, moderate enlargement to the right and left, 
marked irregularitj in the outline of the right diaphragm suggesting extensne 
adhesions 

In calorimeter, Feb 10, 1915 

Casi 12 — George M, aged 56, s.ilooiikeepcr, watchman, porter, admitted 
Jan 19, 1914, discharged April 29, 1914 Senicc of Dr Meara 
Diagnosis Chronic interstitial nephritis and cardiac hjpcrtrophj 
Complaint Shortness of breath Swelling of the feet 
Past Historj Alcoholic Had measles when a child Gonorrhea thirtj-four 


years ago 

Present Illness In December, 1911, he first noticed shortness of breath on 
exertion and swelling of feet after work Had to stop work about the 10th of 
June, 1911, because of the shortness of breath and edema of feet His abdomen 
then begin to increase in sire and he became jellowish m color His scrotum 
and penis began to swell Frequent micturition Oct 23, 1912, he was taken 
with shortness of breath again, cough and swelling of the legs Aug 5, 
1913, Ills legs began to sw'ell, and he became very djspncic on walking His 
sputum became bloody He could not he dow'ii in bed on account of dyspnea 
His abdomen increased in si/e 

Physical Examination (Jan 19, 1914) The patient is a well nourished man 
propped up in bed showing considerable dyspnea His face is flushed and some- 
what edematous Chest symmetrical and emphysematous Sibilant and sono- 
rous rales anteriorly and posteriorly Heart Right border 7 cm to the rig it , 
left border 13 cm to the left , cardiac impulse 12 5 cm from the midsterna 
line It extends to the third nb above The sounds at the apex are of poor 
muscular quality There are extrasystoles, some of which are not felt at tie 
wrist At the base the sounds are distant No murmurs can be definite y ma e 
out The pulse is irregular in force and rhythm The vessel walls are s igi y 
thickened Liver dulness extends 2 cm below the costal margin Extremities 


edematous . , i r i.i 

Jan 22, 1914 Left lung shows dulness to flatness from the angle of tlm 

scapular to the base with a pleuritic rub Heart Left bor er cm ro 
the midsternal line in the fourth-fifth interspace, right bor er cm 
midsternal line in the third-fourth interspace Extends to third rib abov 


f 
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Feb 23, 1914 Doing well No edema. Heart regular Patient has a pulsus 

alternans 

March 14, 1914 Looks very well On sodium chlorid has incomplete elimi- 
nation with formation of an edema and increased blood pressure On potas- 
sium chlorid the elimination is complete, associated with diuresis and fall of 
blood pressure 

April 28, 1914 General condition excellent Heart as noticed above 
Discharged 

Urine Nov 10, 1912, cloudy, amber, specific gravity 1 022, acid, faint trace 
of albumin, finely granular casts, leukocytes +, erj'throcytes + 

Blood Dec 6, 1912, leukocytes, 11,000, polymorphonuclears, 73 per cent , 
transitionals, 7 per cent ; lymphoc 3 tcs, 15 per cent , large mononuclears, 8 per 
cent , hemoglobin, 90 per cent , reds, 4,504,000 

Blood Pressure* March 24, 1914, S 3 'slohc, 195, diastolic, 115 April 4, 1914, 
s 3 Stolic, 160, diastolic, 102 , 

Pulse March 24, 1914, from 72 to 90, April 4, 1914, from 72 to 80 
Respiration March 24, 1914, from 18 to 24 , April 4, 1914, from 20 to 24 
Temperature. March 24, 1914, subnormal, April 4, 1914, subnormal 
Wassermann Dec 8, 1913, positive 

Phenolsulphoncphthalcin Jan 27, 1914, 55 per cent in two hours 
Case 13 — Marcus R, aged 51, Hebrew, tinsmith, admitted March 10, 1913, 
discharged April 12, 1913 Service of Dr Thompson 

Diagnosis Chronic interstitial nephritis, arteriosclerosis, mitral insufficiency 
Past History He had malaria at the age of 17 to 20 3 ’’ears Had pneu- 
monia in 1877 He is a moderate user of alcohol , occasionally took whisky 
before breakfast 

Present Illness In Januar 3 ', 1912, his legs began to swell Since then he 
has been short of breath and has not been able to walk He has been very 
thirsty and gets up once or twice at night to pass water Three weeks ago 
he caught cold 

Physical Examination The patient is of medium stature and heavy build 
He is slightly dyspneic The apex is in the fifth space, 14 cm from the midline 
The sounds are booming There is a loud systolic murmur at the apex The 
aortic second sound is very much accentuated The artery wall is very thick, 
and there is a question of calcification Tension is high Pulse is regular 
Many crackling and moist rales over the lungs Liver edge is felt one hand’s 
breadth below the costal margin The surface is hard and nodular There is 
shifting fluid m the flanks 

Urine March 10, from 600 to 1,400 c c 

Blood Pressure March 10, systolic, from 300 to 320, diastolic, from 140 to 
180 March 16-31, systolic, 300 to 310, diastolic, 115 to 150 April 1-9, systolic, 

300 to 320, diastolic, ISO to 170 

Temperature March 10, from 98 to 100 F March 16-31, normal April 1-9, 
normal 

Pulse March 10, from 88 to 100 March 16-31, 72 to 80 April 1-9, 78 to 84 
Respiration March 10, from 20 to 30 March 16-31, 18 to 20 April 1-9, 

18 to 20 

Weight March 10, 149!4 pounds March 16-31, from 140 to 137 pounds 

Case 14 — David K, aged 54, architect in reduced circumstances, admitted 
Feb 21, 1913, discharged March 26, 1913 Service of Dr Hartwell 

Diagnosis Chronic interstitial nephritis Arteriosclerosis Inguinal hernia 
Past Histoiy Three years previous to admission he noticed a small lump * 

in his left groin There was little discomfort until two years later when it 
became painful Is very alcoholic 

March 21, 1913 Four weeks ago the patient was operated on for inguinal 
hernia He now seems absolutely normal He was out on a pass yesterday and f 

returned at 7 p m For breakfast he had a cup of coffee without sugar or milk [ 

! 

f 
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March 26, 1913 Ilcait apc\ neither Msthlc nor palpable Left limit of 
dulncss in the fifth space. 12 S cm to the left of the niidlinc Over the aortic 
area there is a rough sestohe impuritj of the fir'.t sound 'Ihc second aortic 
sound IS loud and ringing '1 here is no enlargement to the right of the sternum 
The radials are palpable 

March 26. 1913 Patient discharged 
Urine Trace albumin 

Blood Pressure March 26, s\stohc, 195, diastolic, 110 

CAsr 15 — William aged 2-1, laborer, admitted Dec 28 1914, discharged 

Jan 30. 1915 Ser\ice of Dr Coleman 
Diagnosis Aortic regurgitation 

Complaint Pam m right side of chest Difiicult> of breathing when Ijmg 
dow n 

Past Historj Has had measles, pneumonia and rheumatism Has had gonor- 
rhea Tonsils ha\e gneii him trouble Tonsils arc enlarged 

Present Illness Dec 25, 1914, he was taken with a \cr\ sharp pain in his 
side 1 he lollowmg night he could not he down He felt his heart beating He 
now feels weak and coughs a good deal 

Piusical E\ammation The patient is a well deeeloped and well nourished 
joung man 180 cm tall His tonsils are swollen and congested The cardiac 
impulse IS seen m a diffuse are i around the nipple and is forcible The upper 
border is m the third interspace , right border 4 cm from the midsternal line, 
left border 13 cm from the midsternal line There is a Flint murmur at the 
ape\ and also a diastolic murmur Corrigan pulse 

January 11, 1915 Lungs arc normal Patient is comfortable cveept for a 
slight cough The diastolic and Flint murmurs still continued There is a short 
systolic murmur at the apc\ 

Januar\ 15 There is a blowing sistohe nnirmur at the aortic region trans- 
mitted along the \csscls of the ntek and arm 

Jamiar} 26 The patient has heen in a chair all daj without fatigue He was 
examined upright m the chair The cardiac impulse was forceful, maximum in 
the fifth ‘•paf’c The left limit of dulncss in the fifth space, 13 5 cm from the 
midhne in the fourth space 11 5 cm from the midhne, right limit of dulncss at 
the sternal margin In the aortic region there is a «\stohc murmur transmitted 
upward and a blowing diastolic murmur transmitted downward At the apex 
there is a short ssstohe murmur and a rumbling murmur in diastole Pulse of 
Corrigan tvpc 

Blood Pressure Systolic 140 

Urine Clear, amber, specific gravity 1 030 

Temperature Dec 31, 1914, to Jan 2, 1915 from 99 to 101 F Jan 6, 1915, 
varied slightly around the normal 
Respiration From 18 to 20 
Pulse From 65 to 80 

Electrocardiogram “T” waves directed dowmw'ard in the second and third 
leads In the calonmctci, Jan 25 and 27, 1915 

Case 16 — Theodore S, aged 32, coachman, single, admitted Jan 17 1914, 
discharged Feb 22, 1914 

Diagnosis Chrome cardiac valvular disease Cardiac hypertrophy and 
dilatation 

Past History He had pneumonia at the age of 6 3 'ears In 1906 he had 
typhoid fever He has had no rheumatism At 8 j'ears of age he was operated 
on for some abdominal condition He was a moderate user of beer, but for the 
last two or three years he has used none He stopped working one j^ar ago 
In Sweden he did rough carpenter work one year Last year he was a driver 
Present Illness For four or five years he has been short of breath, especially 
on exertion At times he has had a pain in his left side For one month he has 
had a short, sharp, hacking cough He sleeps well He was obliged to take an 
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easy job three years ago, as the doctor said he had heart trouble Eight months 
ago he could carry a trunk upstairs For two ^\ccks he has been confined to the 
house 

Physical Examination The patient is of medium build, 169 cm tall, a well 
dc\ eloped and well nourished man Arteries are palpable Sibilant rales at 
both bases 

Jan 19, 1914 Patient is quite comfortable, not dyspneic, slight cyanosis of 
the lips 

January 26 Condition excellent Slight cough, no dyspnea, no orthopnea 
Sat up in chair ^\lthout fatigue Apex beat m the fifth space, 12 cm from the 
midline, left limit of dulness in the fifth space 14 5 cm from the midlinc, in the 
fourth space 12 5 cm from the midline , right limit of dulness in the third space 
3 cm from the midline, in the fourth space 4 cm from the midline Heart 
action very slo\%, heavj', irregular in force and rate Tracings show absence of 
the “A’ wave, typical auricular fibrillation At the apex the first sound is sharp 
and short The second sound is faint There is a loud, rough, rumbling mur- 
mur starting almost immediately after the second sound and diminishing in 
intensity during diastole, lasting throughout the short diastolic pauses, but 
stopping before the end of the long diastoles At the base of the heart the pul- 
monic second sound is very much accentuated The radial pulse corresponds 
with the apex impulse The beats vary m si/c Wall not palpable There are 
a few sibilant and sonorous sounds in the lungs No edema Mucous mem- 
branes are deep red and slightly cyanotic 

February 10 The patient is up and about He can walk up one and a half 
flights of steps 

February 11 The patient ivas given 1/120 gram atrophin, repeated after 
twenty-one minutes Five minutes after the second dose the pulse rate increased 
from 48 to 55, the apex rate increased up to 96, and there was a large pulse 
deficit At the apex the rate became almost regular, but not so regular m force 
Throt dry, pupils dilated The patient felt bad the next day, “As if he had 
been on a debauch ” 

February 15 The patient is sitting in a chair Pulse 49, blood pressure, 
large beats, systolic, 145 , diastolic, 85 After climbing stairs, pulse, 46, diastolic 
blood pressure, 150 , systolic, 85 

February 21 Sounds as before Wassermann negative 


Temperature 

January 17-27, from 98 to 

100 F From January 

28 on, the 

temperature was normal 



Roentgenogram of heart 




Upright 

Horizontal 


Left 

113 

12 85 


Right 

835 

78 



1965 

2065 


No medication 




The patient caught cold at home and was 

readmitted, March 4, 

1914, with 

bronchopneumonia 

Heart sounds the same 

Discharged March 27, 

1914 



CLINICAL CALORIMETRY 

snvENTncNrii tai’Er 

METABOLISM AND TREATMENT IN DIABETES* 
rREDERICK M \LTXN, MD. and LUGEXi: F Du DOTS, MD 

M \S \OItK 

The CNpcnmcnts here to he descnhcd concern two patients wnth 
moderate dinhclcs trc.ited by the oatmeal method in the metabolism 
WNard of the Russell Sage Institute of Pathology and four Rockefeller 
Hospital patients with more sc\crc diabetes transferred to Belle\uc 
Hos)Mtal for study in the respiration calorimeter during \anoiis stages 
of the fasting treatment (July \cry brief mention is possible of the 
literature^ concerning the subjects touched upon in the exjicnmcnts, 
namel), (1) the oatmeal and fasting treatment, (2) the dextrose- 
nitrogen ratio, (3) the resjnratory quotient under certain conditions, 
and (4) the total mct.diolism in diabetes 

1 Accoiding to htei.itiire prCMOiisl) reviewed,' the von Noorden 
school no longer holds that o.ilmeal stands entirely alone in respect 
to the capability of utiliration by diabetic patients, but ncvcrtlieless 
maintains that for some unknowm reason it is superior to other forms 
of carbohydrate On the other hand, BlunP and a series of later 
authors have been able to observe no diflerencc in the clinical effects 
of oatmeal and other carbohydrates Also von Noorden lias claimed 
that cases of the worst type arc the ones that do best on oatmeal, 
whereas m mild cases the method often fails The opposing authors 
found that oatmeal, like other carbohydrates, was tolerated better in 
mild cases and worse in severe cases Furthermore, ev en in the seem- 
ingly favorable cases where the caibohydrate balance is strongly posi- 
tive, respiration experiments have usually shown little or no combus- 

* Submitted for publication March 22, 1916 

*From the Russell Sage Institute of Pathology in affiliation with the Second 
Medical Division of Bellevue Hospital, New York 

1 A fuller review by one of the authors (F M A ) is to be published 
elsewhere 

2 Allen, Frederick M Studies Concerning Glycosuria and Diabetes, Har- 
vard University Press, Cambridge, Mass, 1913 

3 Blum, L Les Hydrates de Carbone dans le Traitement du Diabete 
Sucre, Semaine Medicale, 1911, xxxi, 313, Ueber Weizenmehlkuren bei Diabetes 
melhtus, Beitrag zur Theorie der Verwendung der Kohlehydrate m der 
Therapie der Zuckerkrankheit, Munchen med Wchnschr, 1911, Ivni, 1433, Die 
Diat bei Diabetes gravis, Med Klin , 1913, p 702 
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tion of carbohydrate Thus Benedict and Joslm‘ concluded that the 
carbohydrate ingested produced no material effect upon the metabol- 
ism, and Joshn'^ shows the failure of either oatmeal or potato to raise 
the respiratory quotient, notwithstanding positive carbohydrate bal- 
ances as high as 100 gm Falta” states, without gn mg details, that a 
diabetic patient taking 400 gm oatmeal daily without glycosuria 
showed no rise in the respiiatory quotient on the first or second days, 
but on the third day a marked rise m the quotient occurred Normal 
persons showed the usual prompt rise in the quotient, but when sub- 
jected to the customary program of the “oal cure,” namely, first a 
period of carbohydrate-free diet, then the customary fasting oi ^ege- 
table-day, then a period of 400 gm oatmeal daily, a normal person 
showed the same behavior as the diabetic, in that the quotient rose only 
on the third day The icason was behe\ed to be that the organism, 
impoverished m carbohydrate, first stored the ingested starch as gly- 
cogen without burning any considerable quantity The records of 
Roily" and Roth® concerning the administration of different carbo- 
hydrates to diabetics show no appreciable changes m the quotients 
during the senes of successive days m their experiments Joslm-' 
pointed out that the respiratory quotient of Benedict’s fasting man rose 
promptly on taking mixed diet at the end of a thirty-one-day fast 
Confirmation is necessary before it can be accepted that either a dia- 
betic or a normal subject will store the carbohydiate of 400 gm 
oatmeal for two days, and then suddenly show active combustion on 
the third day Any such change m the lespiratory quotient of a dia- 
betic patient would more probably indicate an improvement m the 
power of carbohydrate combustion 

Von Noorden and all other writers admit that many cases of dia- 
betes are so severe that neither the glycosuria nor the acidosis is 
cleared up by the oatmeal treatment The method recently introduced,® 

4 Benedict, F G , and Joslin, E P Metabolism in Diabetes Mellitiis, 
Carnegie Institution of Washington, 1910, Pub No 136, pp 203, 215, A Study 
of Metabolism in Severe Diabetes, Carnegie Institution of Washington, 1912, 
Pub No 176, Ueber den Stoff- und Energieumsatz bei Diabetes, Deutsch Arch 
f klin Med , 1913, cxi, 333 

5 Joslin, E P Carbohydrate Utilization in Diabetes, The Archives Int 
Med , 1915, xvi, 693 

6 Falla, W Zur Theorie und Behandlung des Diabetes mellitus, Med 
Khn , 1914, X, 9 

7 Roily, F Zur Theorie und Therapie des Diabetes mellitus, Deutsch 
Arch f khn Med , 1912, cv, 494 

8 Roth, N Ueber Mehltage bei Diabetes, Wien khn Wchnschr , 1912, xxv 
p 1864 

9 Allen, Frederick M Studies Concerning Diabetes, Jour Am Med Assn , 
1914, 1x111, 939, Boston Med and Surg Jour, 1915, clxxii, 242, New York State 
Jour Med, 1915, xv, 330, Am Jour Med Sc, 1915, cl, 480, Exercise, Boston 
Med and Surg Jour , 1915, clxxiii, 743 , Investigative and Scientific Phases of 
the Diabetic Question, with Their Probable Relations to Practical Problems 
of Clinical Medicine, Jour Am Med Assn , 1916, Ixvi, No 20, p 1525 
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consisting of a piolongcd iiiilial fast with <5nbscqucnt strict regulation 
of all elements of the diet, has p!o\e(I ‘successful in clearing up both 
the iirinaiy and the clinical symptoms m a considerable number of 
cases, even of very sc\eie diabetes The underlying principles ^\lll be 
discussed more fullv elsewhere, but one feature considered theoreticalK 
impoitant for the bencneiiil lesults h.is cnii^sisted in a diminution in 
the metabolism, not mcreh of the sugar- forming materials (carboln- 
dratc and piotein) but also of fat 'J he (jiicsiion of diminution of 
mclaboh'^m could be settled onl) b} c\}ierinient< in the rcsjiimtion 
c.doi imefer 

2 The fiisl dextrose-nitrogen latio was est.dihshed In Minkowski, 
who disco\ered that tot.dl) depancreati/ed dogs, fasting or on carbo- 
hydi.ite-fiee diet, cxcictcd in the urine appioxnnately 2S gm of 
glucose foi each gram of nitrogen A constant ratio at tins Icicl indi- 
cates that 45 per cent of the protein cataboh^cd is being formed into 
glucose and excreted, and that no sugar is being formed from fat The 
oiiginal inlei pi elation was furthermore that 45 per cent repiesents 
the maximum pioporlion of jiiotcin coineiliblc into sugar Lusk''’ 
and collaborators dcmonstr.itcd that phlorhi7ini/cd dogs eliminate 
approximately 3 05 gm of glucose for each gram of nitiogen, thus 
proving that at least some ‘'jiccies of animals are capable of coinerting 
nearly 60 pei cent of the protein molecule into glucose Also, there 
IS no foimation of sugai from fat undei these conditions I^Iandel and 
Lusk" dcmonsti.ited the 3 65 latio in a human patient with severe 
diabetes Tlicy urged the prognostic laliic of determinations of the 
relations of sugai and nitrogen on ca i boh} d rate- free diet, and because 
the total loss of power to use caiboliydiatc indicated by the 3 65 ratio 
supposedly precluded improi enient, they referred to this as the “fatal 
ratio ” Foster and Greeinvald'* also described cases shownng this ratio 
For other liteiatuie, reference may be made to Lusk Inasmuch as the 
case described by Allard show'ed a fall in the latio on fast-days, Lusk 
considered it no longer certain that the 3 65 latio is necessarily per- 
manent or fatal 

10 Lusk, G Phlorhizinglukosunc, Ergebmsse der Phjsiologic, 1912, xii, 315 

11 Mandel, A R , and Lusk, G Stoffwechselbeobachtungen an einem Falle 
von Diabetes inelhtus, nut besonderer Berucksiclitigung der Prognose, Deutsch 
Arch f khn Med , 1904, Ixxxi, 472 , Diabetes Mellitus Report on a Case, 
Including a New Metho(i of Prognosis, Jour Am Med Assn , July 23, 1904, 

P 241 

12 Foster, N B Wie lioch ist der Dextrose Stickstoff-Quotient bei 
schwerstem Diabetes^ Deutsch Arch f khn Med, 1913, cx, 501, Greenwald, I 
Jour Biol Chem , 1913-14, xvi, 375, and 1914, xvui, 115 

13 Lusk, G Metabolism m Diabetes, The Archives Int Med , 1909, iii, v. 
Note on “A Case of Pancreatic Diabetes Mellitus," by Herman O Mosenthal, 
The Archives Int Med , 1912, x 122 Allard Arch f exper Path u Phar , 
1907 Ivii, 1 
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3 The level of the respiratory quotient theoretically to be expected 
in diabetes has been discussed by Magnus-Levy^* and by Lusk^’''*^® 
On the basis of the newer information concerning the amino-acid con- 
tent of proteins, the latter calculates that when the dextrose-nitrogen 
ratio IS 3 65, the quotient of protein is 0 632 The formation and 
excretion of acetone bodies also tends to lower the quotient in a manner 
which can be calculated , but at the same time such acid substances may 
react with sodium bicarbonate to set free carbon dioxid, so that the 
precise theoretical value of the quotient in diabetes cannot be deter- 
mined The actual observations in phlorhizinized dogs and human 
patients with the 3 65 ratio are found to meet the theoretical expecta- 
tions with quotients approximating 0 69 Two features of the recent 
literature concerning the respiratory quotient require mention m the 
present connection One is the absence, in exact modem work, of the 
very low quotients previously found in diabetes and other conditions 
Leimdorfer^" is the only recent author who reports such low quotients , 
and as they are so numerous in his experiments, while his cases of 
diabetes were obviously of no extraordinary se\erity, it is apparent 
that something in his methods tended to gue low values Grafe and 
Wolf,^' though reporting dextrose-nitrogen ratios indicating formation 
of sugar fiom fat, found no support for this hypothesis in the respira- 
toiy quotient, which was about 0 74 Technical errors, especially in 
connection with the oxygen measurements (Benedict®), may be 
assumed to explain the low values in the early literature The average 
quotient of Benedict and Joshn’s severe cases of diabetes was 0 73 , 
and Joslin® presents a table of the other cases in the literature, showing 
the general average to be 0 73 Respiration expeiiments therefore 
stand opposed to the doctrine of sugar-formation from fat in human 

14 Magnus-Levy, A Respirationsversuche an diabetischen Menschen, Ztschr 
f klm Med , 1905, Ivi, 83 

15 Lusk, G Clinical Calorimetry, Paper Eight On the Diabetic Respiratory 
Quotient, The Archives Int Med , 1915, xv, 939 

16 Williams, H B , Riche, J A , and Lusk, G Animal Calorimetry II The 
Metabolism of the Dog Following the Ingestion of Meat in Large Quantities, 
Jour Biol Chem , 1912, xii, 349, 356 

17 Leimdorfer, A Ueber den respiratorischen Stoffwechsel des Diabetikers 
bei verschiedener Kostform, Biochem Ztschr, 1912, xl, 326 

18 Benedict, F G A Comparison of the Direct and Indirect Determination 
of Oxygen Consumed by Man, Am Jour Physiol, 1910, xxvi, 15, Factors 
Affecting Basal Metabolism, Jour Biol Chem, 1915, xx, 263, Metabolism 
During Inanition, Harvey Lectures, 1906-07 

Benedict, F G , and Emmes, L E The Basal Gaseous Metabolism in Men and 
Women, Jour Biol Chem, 1914, xviii, 139, A Comparison of the Basal 
Metabolism of Normal Men and Women, Proc Nat Acad Sc, 1915, i, 
104, A Comparison of the Basal Metabolism of Normal Men and' Women' 
Jour Biol Chem, 1915, xx, 253, Benedict, F G, and Smith, H M The 
Metabolism of Athletes as Compared with Normal Individuals of Similar 
Height and Weight, Jour Biol Chem , 1915, xx, 243 
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clinbctes The second fenluic to be mentioned consists in the unc\- 
pcclcdl} high quotients shown by some cases of severe diabetes, as 
obserxed independently by Benedict and Joslin and by observers in the 
l^usscll ‘^age laboiatoiy Table 5 m tlic p<ipcr In Joslin’® contains the 
recoid of a j)aticnt with sexcre diabetes, fasting except for from 2 
to 5 gm jnotem and from 15 to 24 gni alcohol daily, yet with rcspira- 
toiy quotient of fiom 0 74 to 0 76 Joslm’” mentions other obscixations 
of a rise in the icspiiatoiv quotient of scxcrel) diabetic patients during 
fasting, cxen up to the neighborhood of OS 7'hc cause of such high 
quotients is not knoxvn Nothing analogous has been dcsciibcd in the 
studj b} Benedict-® and earlier xxorkers of eases of prolonged fasting, 
they found that in normal persons the quotient falls and remains low 
cluiing fasting Aside from the presumably scanty supplx of stored 
carboh}drate, Joslin has suggested the acetone bodies as the only 
knoxvn material capable of i aiding the quotients of diabetic patients 
by combustion under these conditions 

4 The total metabolism in diabetes has been an actix’cly discussed 
subject The earlier hleratuie is critically rcviexxed by Benedict and 
Joslin ’ It has been unixersally agieed that the basal metabolism of 
mild eases of diabetes is normal, and that of most sex ere eases is found 
increased xxlicn reckoned per kilogram of body xx'eight But in addition 
to accuracy in measuring the gas cx'changc and heat production, there 
IS the further requirement of an accurate basis of comparison betxx'een 
diabetics and other persons Magmis-Lex'y” called attention to the fact 
that the emaciation of most patients W'llh sex’ere diabetes alters the 
relation of their body xveight and surface, and suggested that it might 
be more nearly correct to compare on the basis of the original normal 
xx^eight of the diabetics Benedict and Joslin rejected this proposal, 
because the surface of the diabetic apjiarently diminishes xvith the 
body mass and the skin show^s no tendency to fall in folds or xvnnkles 
They chose, as the most accurate means available, to compare 
groups of patients xvith severe diabetes xvith groups of normal and 
mildly diabetic persons, as nearly like them as possible in size and 
figure On this basis they estimated that their severely diabetic 
patients shoxved an increase of from 6 to 7 per cent in carbon dioxid 
excretion, of from 16 to 21 per cent m oxygen consumption, and of 
about IS per cent in heat production Lusk®’^ criticized the findings in 
various particulars, and by recalculation concluded that the metabolism 

19 Joslin, E P Present-Day Treatment and Prognosis in Diabetes, Am 
Jour Med Sc, 1915, cl, 485 

20 Benedict, F G The Influence of Inanition on Metabolism, Carnegie 
Institution of Washington, 1907 A Study of Prolonged Fasting, Carnegie 
Institution of Washington, Pub No 203, 1915 

21 Lusk, G Science, 1911, N S , xxxiii, 433-434 
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repiesented was not 15 per cent but only 5 per cent above normal 
Benedict and Joslin'^ in their second publication added to the numbei 
of diabetics and especially of contiol subjects studied, and leckoned 
that the basal metabolism in tins gioup of diabetics was approximately 
20 per cent above noimal Lusk-- calculated that an inciease of from 
5 to 10 pel cent , and in exceptional instances 15 per cent , above noimal 
was shown Leimdorfei’" found an increase of metabolism in seveie 
cases of diabetes on the basis both of the weight and of the bod}’^ sur- 
face as figured by Meeh’s-^ foimula Diminution of metabolism 
observed after oat or vegetable days was held to confiim this interpre- 
tation Roily" found in se^ ere diabetes an increased oxygen consump- 
tion per kilogram of body u eight, especially soon after admission to 
hospital , after a period of treatment the findings were lower Seib-^ also 
reported the respiratory metabolism increased in proportion to the 
severity of the case In Paper 10 of the present series is described the 
height-weight formula for calculating the body surface, which has been 
found more accurate and reliable for this purpose than the Meeh 
formula, especially when the body form varies in any way from the 
average normal It is possible by this formula to recalculate any results 
recorded in the literature, wherever the height and weight of the sub- 
ject have been given It is believed that the second of the requirements 
mentioned is thus fulfilled, and that, granting accurate experimental 
observations, a coi rect basis of comparison is afiforded between diabetic 
and other subjects in a manner not possible heretofore 

The causes of the depaiture of the diabetic basal metabolism from 
the normal are partly known, peihaps partly unknown It may be taken 
as an axiom that the diabetic, excreting sugar formed from piotem, 
must catabolize more protein during fasting than the nondiabetic person 
under identical conditions, and that the specific dynamic action of pio- 
tem will therefore give rise to a higher metabolism in the diabetic, 
unless some other factor prevents or neutralizes the effect of the pro- 
tein Ihe suggestion was offered by Benedict and Joshn that acidosis 
may be a cause of increased metabolism They observed the discrepant 
fact that a sudden slight acidosis is accompanied by an increase of 
metabolism out ot proportion to that noted with prolonged high 
acidosis At the present time the subject of acidosis is a confused one , 

22 Lusk, G Animal Calorimetry XI An Investigation into the Cause of 
the Specific Dynamic Action of the Foodstuffs, Jour Biol Chem , 1915, xx, 555 

23 Meeh, K Oberflachenmessungen des menschenlichen Korpers Ztschr f 
Biol , 1879, XV, 425 

24 Seib, K Experimentelle Untersuchungen uber den respiratorischen Gas- 
wechsel bei Diabetes melhtus nach Eiweisszufuhr und bei Hyperthermic 
Zentralbl f Physiol, 1913-14, xxvii, 930 
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It t.ui no longer be regarded a^ a <^1011)10 condition reMilting from lack 
of carbohydrate'* Greater clearness concerning the cftcct upon 
inctaboli<=m may no\\ rc<^ult from separate consideiation of mduidual 
factors present First, sonic or all cases of sudden acidosis arc .iccom- 
panicd by mcrcascd pioian breakdonn, uhich ma} be a cause of 
inci eased metabolism Second, if acidosis in the strict sense increases 
metabolism, not only should subjects with high acidosis show higher 
metabolism than those with low acidosis, but .dso alkali guen in suf- 
ficient cpiantity should in suitable cases cause a fall in metabolism 
Third, it IS possible that acetone bodies, e\en in the form of neutral 
salts, ma} stimulate metabolism if jircscnt in excess m the blood and 
tissues Here the suggestion is analogous to that of Lusk-^ that dia- 
betic lipcmia ma\ be a cause of increased metabolism Increased con- 
centration of combustible materials maj be expected to result in a 
stimulation of metabolism, unless the power of combustion is dimin- 
ished, or the specific dynamic action otherwise jircwented At the same 
time, the narcotic and dcprcss.int action of the acetone bodies might 
concenabl) tend to depress metabolism, cspcciall} in the long-standing 
cases w'lth high kctonemia Other influences unquestionably tend to 
depress metabolism in such cases, as foi example undcrnutntion and 
muscular relaxation The effect of muscular mass and tone is c\ idcnt 
in the higher metabolism of men as compared with women, and of 
athletes as compared with other men (Benedict'*' and collaborators), 
and Lusk*" has shown that mere prolonged cage life may reduce a dog’s 
basal metabolism by 16 per cent, though the diet and weight remain 
the same The subject wall be further considered below' 

An account of the metabolism in a case of diabetes of remarkable 
intensity w^as recently published by Geyehn and DuBois To facilitate 
reference, some of the findings in this case are briefly reproduced 
in Table 1 

METHODS AND C\LCUL\TIONS 

The procedures used for the chemical determinations were as fol- 
lows for the blood-sugar, the method of Lewos and Benedict ,*' for the 
urinary sugar, titration wnth Benedict’s solution, for nitrogen, the 
usual Kjeldahl method, foi ammonia, the Folin method, for acetone 
bodies, the Shaffer method Foods were w'^eighed raw and the composi- 
tion estimated from the Atwater-Benedict tables, unless special mention 
IS made of analyses For separating the tw'enty-four-hour urines, 

25 Lusk, G The Influence of Food on Metabolism, Proc Am Soc Biol 

Chem, December, 1914, Jour Biol Chem , 1915, xx, 8 mi/c i 

26 Geyehn, H R , and Du Bois, E F Jour Am Med Assn, 1916, Kvi, 

No 20, 1532 ^ „ 

27 Lewis, R C , and Benedict, SR A Method for the Estimation of Sugar 

in Small Quantities of Blood, Jour Biol Chem , 1915, xx, 61 



TABLE 1—1 iiL Casl oi Cyiui K (Summauy iuom Giyuin and DuBois) 



Alcohol t Alter breakfast, not basal 

















lois mi: iRCiiii Ls op intlrr \l medicim: 

patients emptied the liladcler at piccisch 5 a m daily, and caic i\as 
taken that no urine wa'^ lost undei am conditions d he entire planning 
and oigani7ation of the ward wms for the pin pose of e\act metabolic 
studies, and accurac\ m matters of dictaiy conliol, collection of excreta 
and othei details is full\ assured 

At the time of the diabetes experiments the talorimcter was in pci- 
fect working oidei and the staft was mcII tiained Alcohol checks 
lasting two or thiee hours ga^c icspiiatoi) quotients in which c\cn the 
thud decimal jilacc was not far from the theoictical In experiments 
on man it has ne\ei before been felt adiisablc in this laboratory to 
print more than two signifKant figures in the rcsjuratory quotients, but 
it has seemed justifiable to use three in the jircsent w'ork. both on 
account of the cxticme care in the expenments and of the importance 
of the third decimal point m some of the calculations In no case arc 
deductions made from single hours but only from the averages of 
periods as long as possible 

The calculations concerning the metabolism where there W'as sugar 
formation fiom protein followed the method described by Lusk^° In 
the nonnal metabolism each gram of nitrogen in the urine indicates 
the combustion of 6 25 gm protein with the liberation from this protein 
of 26 51 calorics, 9 35 gm carbon dioxid and the absorption of 845 
gm oxy'gcn It is obvious that if part of this protein molecule is unoxi- 
dized 111 the diabetic organism and is excreted m the urine, all of these 
figures w'lll be lowered by exactly the number of calories and grams of 
carbon dioxid and oxygen lost m the glucose With a dextrose-nitrogen 
ratio of 3 65 to 1, 1 gram of nitrogen m the urine indicates the combus- 
tion of 6 25 gm protein with the liberation of 26 51 minus 13 47 calories, 
9 35 minus 5 35 gm carbon dioxid, and the absorption of 8 45 minus 
3 89 gm oxy^gen When the dcxtrosc-mtrogen ratio is lower, the cal- 
culation is easily^ made as follovv'S The calorics, carbon dioxid and 
oxygen ascribed to the metabolism of piotein are calculated from the 
number of grams of nitrogen excreted per hour by using the normal 
factors given by Lusk Knowing the nuinbei of grams of glucose 
excreted per hour, one can make the proper subtractions, since each 
glam of glucose represents a loss of 3 692 calories, 1467 gm carbon 
dioxid and 1 067 gm oxy^gen In this way'^ it is possible to determine 
the nonprotein respiratory’^ quotient and the heat production by^ the 
method of indirect caloriinetiy If there is no glycosuria, or if the 
sugar of the urine is all deriv^ed from ingested carbohy’^drate, the calcu- 
lations are exactly the same as for normal persons No attempt has 
been made to calculate the combustion of the acetone bodies or the 
ingested alcohol, the conditions of experimentation rendering this 
impossible 



F M ALLEN— E F DU BOIS 


1019 


For leasons fully staled in pievious papers, the method of indirect 
calorimetry is used as the standard, and the divergence of the diiect 
calorimetry fiom this is expressed m terms of peicentage In typhoid 
fever, exophthalmic goiter, anemia and cardiorenal disease theie is a 
tendency for the direct calorimetiy to a\eiage from 2 to 3 per cent 
lowei, probably on account of heal lost thiough the warming of the bed 
alid clothing, possibly also because of errors in measuring the aveiage 
temperatuie of the body This same tendency to a small minus error 
IS seen in most of the diabetes experiments The total dneigence of 
the two methods in the piesent work is 2 3 per cent , and the average 



Fig 1 (Gerald S ) — Clinical findings shown graphically The columns at 
the base represent the calories of the food , vertical lines, carbohydrate , crossed 
lines, protein, diagonal lines, alcohol, blank space, fat calories 


divergence in individual experiments is plus or minus 5 5 per cent 
The agreement of the two methods is therefore satisfactory, and would 
be still closer but for the peculiar divergence of the findings in the 
case of Gerald S on the last day of the prolonged fast and during the 

following two weeks This point is discussed in the history of his case, 
which follows 


CASE REPORTS 

Case 1— Gerald S (severe diabetes), plumber, aged 17, unmarried Healthy 
family and past life, habits good, normal weight 60 kg Polyuria and polydipsia 
were noticed January, 1914 Entered Bellevue Hospital June, 1914, weighing 
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47 Kr '\ftcr twciitj-fnc d.ns lie was discii.ir^cd weigliing 57 kg Gljcosuna 
w.!*. said to lia\c lictn 10 per cent on .ulniission, 5 per cent on discharge A 
dose of salts t.iken October 24 left Iiim ^cr 3 weak, and thereafter he lost weight 
and strength rapidlj. He was admitted to Rockefeller Hospital Xov 7 , 1914 
Height 172 cm, weight 416 kg, c\lrcnicl\ weak Heart, lungs and abdomen 
negatue, blood-pressure 85 systolic, 75 diastolic, clinical picture of acidosis, 
with drowsiness and increased respiration threatening coma IIis diet containing 
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Fig 2 (Gerald S ) — Laboratory findings sbowm graphically 

carbohydrate was continued, and he was transferred next day to the Russell 
Sage metabolism ward at Bellevue Hospital, where he remained until the close 
of the metabolism experiments, then returned to the, Rockefeller Hospital 

The diet shown in Table 2 was all he could cat on November 8 to 10 inclusive 
At 6 a m on November 11 he received 50 cc cream, then developed nausea 
without vomiting Fasting was begun at this time because of the complete 
repugnance to food and the dangerously threatening coma symptoms No bicar- 
bonate was given except 10 gm on November 11 The fast lasted eight days, 
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and the condition cleared up, as shown in the table Alcohol was given in the 
form of whisky during the fast, in quantities just short of producing any dis- 
comfort or intoxication symptoms Notwithstanding the extreme initial weak- 
ness, the clinical condition perceptibly improved during the fast The first food 
added to the alcohol after the fast was protein — eggs at first, later meat More 
protein and fat ivere gradually added, until the unduly high diet of over fifty 
calories per kilogram of weight w'as reached Bulk w'as contributed to the diet 
by the use of from 750 to 1,000 gm of thnce-boiled vegetables daily, some 
samples of which w'cre analyzed for carbohydrate The rapid gam m weight 
shortly after the fast W'as due to the w'atcr retention common in such patients 
Improvement continued in subsequent treatment The carbohydrate tolerance 
remained low, but the patient became able to exercise freelj', and he and his 
parents considered him fit for w’ork For this reason he refused to be further 
controlled, and was dismissed from the hospital and from all further supervision, 
w’lth due w'arnmg of the consequences The discharge w'as on Feb 8, 1915, the 
diet at that time being about 1,400 calories, wnth no glycosuria or ketonuna, and 
the body weight 44 kg He progressed rapidly downw'ard and died March 9, 1915 
CvSE 2 — William G (severe diabetes), printer, age 29, married Family, 
personal history and habits negative Figure thin , normal w'eight from 66 to 
69 kg Thirst and dry mouth noticed in June, 1913 Progress was steadily 
dow'nw'ard in spite of treatment Entered Presbyterian Hospital July 25, 1914 
His condition there was dangerous on carbohydrate-free diet and wmrse wdien 
It was attempted to add carbohydrate The dextrose-nitrogen ratio was found 
to be about 3 He was transferred to Rockefeller Hospital on July 28 Height 
179 cm , w'eight 50 kg Physical examination negative Table 3 contains part 
of the laboratory data for this period Carbodydrate of food was determined 
only by calculation Other food values for the first tw'o daj'S are calculated 
After that, nitrogen and fat were analyzed in food and feces 

Thus the emaciated patient, spending most of the twenty-four hours 
m hed and the rest of e^ch day sitting limply m a chair, was unable to 
maintain his body weight even on utilizable calories in excess of the 
needs of a normal person of equal weight The excess of fat failed to 
prevent nitrogen loss Yet high protein feeding is known to aggravate 
diabetes, even though temporary nitrogen equilibrium is attained This 
is the old dilemma As soon as the appetite partly failed, on August 1, 
the nitrogen deficit became large Fasting had to be inaugurated on 
August 2 because of symptoms of beginning coma Along with the 
fall in glycosuria, within two days the level of nitrogen excretion char- 
acteristic of advanced inanition was attained Feeding with green 
vegetables was commenced August 7 Gradual increase of vegetables 
up to August 12 showed a carbohydrate tolerance of 38 5 gm Other 
food was then given, and there seemed to be satisfactory improvement, 
with glycosuria and ketonuna absent as usual The case then differed 
from others m that a gradual loss of tolerance manifested itself , diag- 
nosis was impossible for several months, but the apparent explanation 
of the trouble was at length found in pulmonary tuberculosis Vain 
attempts were made several times to increase strength by high feeding 
with disregard of glycosuria In January, 1915, with no sign of tuber^ 
culosis, the patient spent some time in the Russell Sage metabolism 
ward for investigation before and after such a period of high diet 



TABLE 3 — WiLLiAAr G Clivicai D\t\ DL,iM\n FIR•^T 1’akt o^ ST\^ in tiu Rockfkfiur IIospitm- 



iiibtnicted from cilorlcs of ti(( t. 
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(Table 4) He was subjectively and objectively so much better 
when kept free from glycosuria and ketonuria, that this was done 
nearly constantly until March 11, 1915 Then the course of the tuber- 
culosis was becoming veiy lapid Death occurred from diabetes and 
bionchopneumomc tubeiculosis on March 22, 1915 

Case 3 — Joseph U (severe diabetes), manufacturer, aged 44, married His 
family, personal history and habits were negative Normal weight 75 kg In 
1907, loss of weight, and medical diagnosis of diabetes At first kept free 
from glycosuria occasionally by treatment, but it has been continuous for the 
past three or four years Emaciation and weakness have been the principal 
symptoms Patient was bedridden for the six weeks preceding admission to 
hospital He was brought on a cot from his home in Indiana and entered 
Rockefeller Hospital Nov 28, 1914 Height 179 cm, weight 442 kg Physical 
examination was negative, except foi emaciation and a yellow tinge like per- 
nicious anemia, which diagnosis was excluded by blood examination Blood 
pressure not certain On January 18, when he appeared much stronger and 
was beginning to sit up a little, systolic blood pressure was 76, diastolic 60 
Glycosuria and ketonuria heavy Ammonia nitrogen 2 5 gm on November 
28-29, 2 78 gm on November 29-30 No symptoms of acidosis 

Treatment was conducted by Dr Stillman The patient fasted November 
30 to December 7, inclusive, receiving 70 c c whisky daily, and on December 7 
receiving also SQQ gm thrice-boiled vegetables Eggs and butter were added 
gradually until on December 10 the diet contained 52 gm protein, 95 gm fat, 
100 c c whisky, and 500 gm thrice-boiled vegetables On this day a glycosuria 
of 9 5 gm appeared The strength and well-being had improved from the 
outset, but though ketonuria had diminished, it had never cleared up satis- 
factorily The carbohydrate tolerance was literally nothing Details will be 
published elsewhere Briefly, it was necessary to keep him on a diet of about 
700 calories daily, about half of which was alcohol, until February 3 He was 
warm and quiet in bed except for short daily periods The weight on Febru- 
ary 3 was 40 3 kg , and strength continued to improve It was toward the 
close of this prolonged undernutrition that the calorimeter tests were made, 
on January 31 and February 1 It then became possible to increase the diet 
somewhat, but fast-days were still used frequently The ferric chlorid reaction 
slowly diminished to traces, but did not become regularly negative until the 
latter part of May The patient was discharged June 28, 1915, at precisely his 
initial weight, namely, 44 2 kg , with urine normal on a diet of 80 gm protein, 
15 gm carbohydrate and 1,950 calories He has since conducted his business 
Carelessness with his diet brought back glycosuria and required his return to 
the hospital on Oct 17, 1915 , but the condition was much more favorable 
than before and the tolerance higher on discharge from the hospital this time 
(Jan 18, 1916) than on the previous occasion 

Case 4 — Edward M (moderately severe diabetes), customs inspector, aged 
34, married His family, personal history and habits were negative, except for 
chronic indigestion and constipation since the age of 22 Normal weight 80 kg 
In July, 1913, occurred sudden attack of dizziness, colic, vomiting and diarrhea, 
with fever for one day From that time on he was constantly thirsty and lost 
weight and strength Diabetes diagnosed m September Under inefficient 
treatment he was sugar-free for only two periods of one week each Entered 
Rockefeller Hospital July IS, 1914 Weight 60 4 kg Highly neurasthenic, 
but no serious emaciation or acidosis Physical examination negative except 
for sallow color and enlarged liver On restricted diet there was marked 
ketonuria and a negative carbohydrate balance of about 12 gm Four days of 
fasting from July 18 to 21, inclusive, were required to stop glycosuria Feed- 
ing was begun on July 23, with vegetables containing 12 2 gm carbohydrate 



TABLE 4 — William G Clinical Data During St\\ \t B^L^\UI IIosi'Itm Janu\r\ 10 to 15 



csilorlmcter periods 
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TABLE 5 — Felix K Clinical Data 
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Urine 
Volume, 
c c 

KemarKs 

1/14/14 

2,040 

155 4 

57 7 

12 05 

14 2 

12 13 


820 


1/15/14 

2,016 

145 4 

02 5 

21 50 

15 8 

1 

18 01 

• 

1,000 


l/lC/14 

2,092 

103 0 

02 4 

12 50 

12 5 

12 01 


920 


1/17/14 

1,989 

141 0 

64 3 

13 80 

15 0 

14 79 

50 51 

1,180 


1/18/14 

2,304 

177 7 

582 

10 00 

10 0 

15 19 


1,300 


1/19/14 

2,085 

149 0 

04 3 

0 15 

16 9 

11 99 

50 33 

940 


1/20/14 

1,904 

1401 

02 9 

1 

1 0 

15 0 

15 52 


1,580 


1/21/14 

2,309 

1818 

59 8 

9 05 

10 5 

10 OS 

67 52 

1,380 


1/22/14 

2,067 

216 4 

004 

911 

15 8 

1 

12 10 

50 62 

1,170 


1/23/14 

2,852 

230 5 

69 8 

588 

15 9 

13 90 


1,360 


1/24/14 

2,084 

218 5 

59 8 

8 08 

15 9 

12 39 

57 07 

1,300 


1/25/14 

3,138 

247 4 

59 8 

5 08 ; 

10 0 

10 31 


1,040 


1/2C/14 

2,733 

173 7 

69 8 

714 

101 

11 77 

50 70 

1,300 


1/27/14 

2,773 

178 3 

60 0 

8 70 

15 9 

10 54 


1,200 


1/28/14 

3,059 

183 3 

69 8 

588 

10 0 

12 33 

57 01 

1,120 


1/29/14 

921 

70 7 

20 8 

0 

4,7 

9 30 


1,330 


1/30/14 

2,980 

179 9 

605 

0 

10 2 

13 84 

56 98 

1,400 


1/31/14 

3,458 

180 0 

69 7 

0 

101 

13 28 


1,520 


2/ 1/14 

3,492 

1821 

61 9 

Trace 

10 6 

13 84 


1,600 


2/ 2/14 

3,488 

182 8 

60 5 

0 

10 2 

14 01 

57 97 

1,910 


2/ 3/14 

3,492 

203 8 

605 

088 

10 2 

12 95 


2,220 


2/ 4/14 

3,579 

192 2 

606 

8 08 

10 5 

11 77 

68 76 

1,800 


2/ 6/14 

3,580 

192 2 

00 7 

608 

16 3 

11 64 


1,640 


2/ 6/14 

3,015 

197 3 

60 5 

0 

15 9 

10 05 


1,400 


2/ 7/14 

3,663 ' 

201 5 

69 7 

6 90 

16 4 

13 34 

58 25 

1,330 


2/ 8/14 

3,620 

186 3 

60 5 

10 00 

16 3 

11 21 


1,140 


2/ 9/14 

3,310 

181 6 

62 3 

8 34 

16 2 
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2/10/14 
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81 7 
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2/11/14 
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0 

61 
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1,155 

Green day 

2/12/14 

2,138 
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13 80 

99 

11 59 

57 84 

1,515 

Oatmeal day 

2/13/14 

2,177 

1271 

1781 

19 22 

10 3 

10 87 

67 93 

1,580 

Oatmeal day 

2/14/14 

2,171 

126 7 
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10 2 

10 54 
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1,930 

Oatmeal day 

2/15/14 

917 

761 
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0 

48 

9 92 


970 
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2/16/14 

3,487 

1819 

61 6 

0 

16 2 

14 96 

67 35 
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Green day 

2/17/14 

3,464 
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607 
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12 89 

67 76 

1,000 


2/18/14 

3,421 

175 9 

601 

13 20 

161 

14 74 

58 88 

1,050 


2/19/14 
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170 2 
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910 
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14 01 
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13 70 

161 
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3/18/14 
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00 

SSI 
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2,130 
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3/23/14 
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00 7 
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The vegetables were increased until on 30 he was taking 70 5 gm carbo- 
hydrate, without glycosuria Protein and fat were then slowly added, and an 
adequate diet attained without difficulty Patient is a gourmand, and in Sep- 
tember he was allowed to bring back his old symptoms by excess of fat in the 
diet, as an object-lesson Two days’ fasting stopped this glycosuria and suit- 
able diet was resumed In the latter part of October the average dailj' diet 
was approximately 114 gm protein, 120 gm carbohydrate, and from 2,600 to 
2,900 calories Calorimeter experiments were performed on October 30 and 31 
and November 5 Patient was discharged on Nov 9, 1915, weighing 61 2 kg 
He has done his usual work since, with only an occasional temporary glycosuria 
after eating too much 

Case 5 — Felix K (mild diabetes), clerk, 47 years old, born in Ireland As 
a young man the patient had pneumonia, urethritis, and about four years ago 
an attack of malaria He was a heavy drinker of beer and whisky up to 
five months ago Lately he has taken but little alcohol About one year ago 
he first noticed a loss of weight, with pol 3 ruria and weakness Since then he 
has lost from 40 to 50 pounds On admission to Bellevue, Oct 28, 1913, he 
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was so weak that he could hardly walk upstairs He is an emaciated man 
of medium stature The lungs arc emphysematous There is slight exoph- 
thalmos, but no enlargement of the thyroid gland Wassermann reaction + -k ,* 
hemoglobin 98 per cent , leukocytes 9,500, blood pressure systolic 110, diastolic 
75 His urine contained 61 gm of glucose, 2 14 gm ammonia, and small amounts 
of betaoxybutyric acid The patient was in the general ward and it was diffi- 
cult to control his diet He was discharged on November 25, and on Janu- 
aiy 13 was readmitted, this time to the metabolism ward Weight January 16, 
56 5 kg On a restricted diet his carbohydrate tolerance improved and his 
weight and strength increased rapidly (see Table 5) He was discharged March 
24, 1914, in excellent condition Since then he has reported from time to time, 
feeling perfectly well and strong, but showing sugar in the urine when lie 
departs from his diet 

Case 6 — ^John O’C (mild diabetes, morphinism), clerk, aged 32 His father 
was an alcoholic At the age of 15 the patient had typhoid, and he has suf- 
fered from “pleurisy” eight times in the past few years At the age of 16 
he began to smoke opium, later taking to hypodermic injections of the drug, 
and one year ago he added cocain in increasing doses Before admission he 
was taking 80 grains of cocain and 22 of morplnn a day This is his first 
attempt at breaking the habit About two years ago he noticed polyuria and 
polydipsia and his doctor found sugar in the urine He did not follow treatment 
and lost weight rapidly He was very constipated, and so weak that he could 
hardly walk Admitted to Bellevue Hospital March 13, weight March 24, 
31 3 kg , height 163 cm He was found to be nothing but skin and bones, tooth- 
less, with bent figure and rathke, pathetic face His whole body was covered 
with abscesses and scars of infections from hypodermic injections There was 
a small ulcer on the sole of each foot His pulse was very small, the beat 
normal, his tongue fissured, glassy and moderately red 

On a restricted diet the patient improved slowly and the glycosuria and 
acidosis cleared up (Table 6) He grew stronger but it was almost impossible 
to increase his weight without causing glycosuria It was necessary to give 
him a grain of morplnn every four hours His systolic blood pressure varied 
between 104 and 125 On May 1, 1915, he was discharged and sent to a sani- 
tarium, where he stayed a short time, then went back to his old habits and 
died a few months later 


SUMMARY AND COMMENT 

1 The Oatmeal Tieatment — ^The mildly diabetic patient, Felix K , 
on a regulated diet containing about 60 gm carbohydrate daily, showed 
a constantly positive caibohydrate balance and maintained his weight 
and well-being February 10 and 11 were ''green” days Then from 
February 12 to 14, inclusive, 200 gm oatmeal were given daily in the 
usual manner, then followed, Februry 15 to 16, two more “green” days 
For comparison, beginning March 14, the same program was instituted, 
using bread instead of oatmeal, namely, first two “green” days, then 
March 16 to 18, inclusive, 265 gm bread daily, equivalent m carbo- 
hydrate to the previous oatmeal, with fat, protein and calories also cor- 
responding to the oatmeal period, then March 19 and 20 two more 
“green” days Comparison was also made m a different manner, as 
follows On February 24 he was given 18 gm bread and 9 gm butter 
every two hours, and on March 13 was given the equivalent carbo- 
hydrate in the form of 13 '6 gm oatmeal with 9 gm butter every two 
hours. 
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12 80 

1170 

0 700 

18 09 

0 237 

88 79 

SOW 

14GSq M 

2 

1 OG 

13 56 

13 94 

0 707 

13 95 

0 287 

45 44 

39 79 


3 

2 OG 

13 22 

12 51 

0 768 

13 69 

0 237 

41 23 

38 65 


4 

3 OG 

12 10 

11 85 

0 742 

14 13 

0 217 

38 78 

38 96 


^ Calculations in summary based on total O 2 and OO 3 lor 1 hours 








— Calorimeter Experiments 


Direct 
Calo 
rimetry 
(Rectal 
Temp ), 
Cal 

Rectal 
Temp , 

0 

Aver- 

age 

Pulse 

Work- 

Adder, 

Cm 

Non- 

protein 

E Q 

Per Cent 

Calories from 

Calories 
per Hour 

Remarks 

Pro 

tcin 

Pat 

Oarbo 

hjd 

Per 

Kg 

Per Sq M 
Meeh 

•V 

36 28 









Basal, D N as 











sumed to be 1 53 

5518 

36 61 

71 

4 

0 704 

22 4 

77 0 

0 

124 

35 01 

on basis of R Q 











Very quiet 

55 57 

36 85 

76 

8 

0 714 

22 1 

77 9 

0 

1 20 

35 51 


51 13 

36 86 

77 

4 

0 705 

218 

78 2 

0 

1 27 

35 92 



3714 









Second day of 











fast, basal 

52 23 

37 24 

99 

72 

0 755 

80 

711 

16 9 

1 30 

30 11 

Asleep 50 min 

54 77 

37 26 

102 

10 5 

0 711 

74 

91 3 

1 3 

1 41 

39 27 

Asleep 40 min 

55 45 

37 23 

99 

20 

0 039* 

73 

92 7 

0 

1 42 

39 61 

Asleep SO min 


36 54 









Fourth day of 











fast, basal 

49 33 

36 68 

81 

78 

0 08* 

19 4 

800 

0 

1 33 

30 06 

Asleep 

41 13 

36 42 


76 

0 09* 

19 6 

60 4 

0 

[ 1 32 

36 29 

Asleep 

51 95 

36 44 

79 

12 0 

0 68* 

19 5 

80 5 

0 

1 32 

36 30 

Asleep 45 min 


3616 








1 

• •• » 

Basal 

4014 

36 03 


9 0— 

0 695 

15 6 

84 5 

0 

1 20 

32 86 

Asleep 

63 54 

3616 


13 0- 

0 708 

14 8 

840 

12 

1 24 

34 17 

Asleep 

48 88 

36 08 

70 

15 8— 

0 754 

14 8 

72 4 

12 8 

1 25 

34 22 

Drank 20 ec wins 











ky at 1 27 p m 

49 10 

36 08 


17 0- 

0 665 

14 2 

858 

0 

1 30 

35 85 

Asleep 


35 76 









Basal 

26 05 

35 51 


4 

0 097 

15 5 

84 5 

0 

1 04 

28 65 

Asleep 

39 33 

35 52 


4 

0 705 

14 6 

85 4 

0 

1 11 

30 37 

Basal, asleep 











Drank 20c c wins 

53 62 

35 84 


12 

0 764 

14 1 

701 

15 8 

1 14 

31 40 

ky at 1 08 p m 











Asleep 40 min 

53 62 

8614 


13 

0 670 

13 2 

86 8 

0 

1 22 

33 38 

Asleep 55 min 

34 91 

35 97 


7 

0 740 

14 0 

75 5 

99 

1 11 

30 39 

Asleep 55 min 


35 88 









Whisky, 20 c c at 











11 08 a m 

37 70 

35 78 


6 

0 773 

14 7 

66 7 

18 0 

1 07 

29 50 

Dozed 

40 06 

35 75 


4 

0 673 

14 5 

85 5 

0 

1 09 

29 83 

Dozed 

42 74 

35 81 


3 

0 724 

15 3 

79 2 

5 5 

1 03 

28 31 

Dozed 

46 44 

35 92 


19 

0 782 

12 8 

65 2 

22 0 

1 23 

33 04 

Restless 


35 99 









Basal 

37 09 

35 95 

47 

8 

0 681 

13 9 

861 

0 

1 03 

29 29 

Asleep 30 min 

43 05 

36 04 


11 

0 783 

14 7 

63 8 

21 5 

1 00 

27 71 

Awake 

34 37 

35 81 

52 

14 

0 678 

14 4 

85 6 

0 

1 00 

28 35 

Awake 


35 85 









Basal 

36 80 

35 85 

52 

40 

0 794 

16 2 

59 9 

23 9 

090 

25 29 

Quiet 

41 16 

35 90 

51 

55 

0 691 

13 8 

86 2 

0 

1 03 

29 62 

Quiet 

40 63 

35 96 


50 

0 762 

15 2 

69 2 

15 6 

0 94 

20 88 

Drank 1 drop of 

3121 

85 75 

50 

22 

0 730 

16 2 

76 9 

69 

090 

25 28 

water 

Quiet 


R Q assumed as 0 707 for calculations 













'J ARLII 7 — Data or Cvwni'irTEP— 


‘’tilijcrl, 

I) It. 

Wtlflit, 

''Urfac 

\'i 1 

J Im nr 

1 onniiln 

J’criod 

1 ml 
of 

Period 

! 

( nrltoti 
Dioxld, 
Gin 

Ox>fni, 

litii 

H Q 

1\ nter, 
Gin 

Lrllie R 
iwr 
Hour, 
Gm 

Imlirect 

Calo 

rlmetrj. 

Cal 

Heat 

1 liml 
tinted, 
C.il 

In raid S 

I’relim 

1 

11 la 


1 






11/2. H 
not hk 

1 

12 r. 

12 72 

12 2 » 

ft 7 k’ 

14 

0 2 5 

40 '2 

I/O 55 

1 M 

> 

! 

1 

1 21 

12 40 

0 775 

15 14 

0 2„'. 

4'i'Kl 

37 95 



2 r. 

1 lOl 

12 2l‘ 

0 771 

r.f.i 

0 2."i 

40 "> 

33 SI 


4 

o 1 t 

H2r7 

12 

or'.i 

1 t'-T 

0 235 

41 31 

40 5S 

Oirnld 

i’rcllm 

11 -7 








11/ .<)'It 









,.9 >3 

4t 27 Kk 

1 IT ‘'ll M 

1 

1- 27 

11 "S 

11(0 

0 742 

21 2^ 

0 22a 

40 IS 

42 no 

t 

1 27 

11 07 

lo 1'. 

0 7>0 

2i'7' 

0 22a 

44 27 


i 

2 .7 

142:0 

11 n 

0 7(2 

.,) 24 

0 2-5 

40 03 

41 57 


t 

*i 27 

11 3'. 

It 27 

0 7,2 

20 3 > 

0 22a 

40 07 

45 91 

Gerald *' 

I’rellm 

11 12 








unm 

41 7(. Ki. 

1 

12 12 

10 O'* 

10 21 

0 740 

21 'X) 

0 20a 

50 03 

42 79 

1 47 Vfi 

) 

1 12 

13 27 

12 a7 

0 7)' 

22 51 

0 203 

41 IS 

42 54 


3 

^ l2 

1012 

10 3a 

0 751 

24 10 

0 203 

5-4 02 

50 44 


1 

3 12 

14 «7 

l^W 

0 779 


0 203 

40 31 

44 84 

Gerald S 

I’nlltii 

11 o-i 








12/1/14 

4.'M Ki, 

1 

12 O'! 

r.si 

14 7' 

0 778 

19 79 

0 201 

4«90 

41 33 

1 (6 s<i M 


1 0-1 

10 4 ! 



19 01 

0 201 

50 91* 

4413 


3 1 

0 (X> 

13 03 

13 34 

0 759 

IS 19 

0 204 

43 95 

42 59 


1 

1 

3 00 

11 «5 

14 53 

0 743 

IS 78 

0 204 

47 08 

43 93 

Gerald S 

I’rcllni ^ 

11 10 

1 







12/7/14 

42 'is Rb 

1 

12 10 

14 77 

13 78 

0 7t0 

18 90 

0 210 

45 09 

40 83 

1 45 Sfj 

2 

1 10 

10 08 

r. It 

0 722 

19 31 

0 210 

49 59 

43 09 


3 

2 10 

13 03 

13 15 

0 770 

IS 21 

0 210 

43 48 

44 S5 


1 

3 10 

14 40 

13 0 

0 705 

IS 41 

0 210 

4518 

4310 

1A illlam G 

Prelim 

11 20 








1/11/15 

43 28 Kk 

1 ' 

12 20 

13 39 

12 62 

0 772 

1014 

0170 

41 83 

40 94 

103 feci M 

2 

1 20 

11 30 

13 64 

0 750 

10 38 

0170 

43 G7 

43 05 


3 

2 20 

13 74 

j 14 2C 

0 701 

10 45 

0170 

40 00 

4713 

William G 

Prelim 

11 07 


i 






1/10/10 

43 84 Kb 

1 

12 07 

15 11 

14 72 

0 747 

24 83 

0 291 

48 34 

4210 

1 54 Sq M 

2 

1 07 

14 49 

15 73 

0 070 

24 11 

0 291 

5103 

47 43 


3 

2 07 

14 21 

14 CO 

0 703 

24 30 

0 291 

47 50 

49 04 

William G 

Prelim 

11 12 








1/22/15 

37 87 Kg 

1 

12 12 

15 29 

10 38 

0 079 

17 02 

0 382 

53 05 

4918 

140Sq M 

2 

1 12 

14 80 

15 06 

0088 

17 32 

0 382 

50 09 

48 90 


8 

2 12 

15 45 

15 87 

0 703 

18 30 

0 382 

51 42 

51 88 


♦ Oalc , from COs, R Q assumed 0 778 














— Experiments — {Coniuiucd) 


Direct 

Calo 

rimetry 

(Rectal 

Rectal 
Temp , 

Aver 

nge 

Work 

Adder, 

Non 

protein 

Per Cent 

Calories from 

Calories 
per Hour 

Remarks 


Pulse 

Cm 

R Q 






u 

Pro 


Carbo 

Per 

Per Sq M 

Temp ), 





Cal 





teln 

Pat 

lijd 

Ng 

Mceh 



36 12 









Basal 

33 16 

36 03 

48 

35 

0 743 

15 4 

74 8 

98 

0 97 

20 27 

Dozed 

37 01 

36 01 


27 

0 769 

15 2 

00 3 

18 5 

0 93 

20 08 

Dozed 

At 1 17 drank 20 

37 25 

35 95 


0 5 

0 765 

15 4 

00 2 

18 4 

0 92 

20 44 

c c w liisk j from 
tube 

33 07 

3 j i 0 

51 

28 

0 659 

15 1 

84 9 

0 

0 94 

20 91 

Dozed 


36 31 









Basal 

37 96 

36 28 

58 

4 7 

0 732 

131 

79 8 

7 1 

0 80 

24 01 

Quiet 

46 86 

36 40 

53 

85 

0 753 

13 7 

73 4 

12 9 

1 00 

28 73 

Quiet 

Drank 170 c c 

40 21 

36 32 

56 

16 5 

0 755 

13 0 

71 0 

10 0 

1 05 

30 20 

u ater at 1 28 
p m 

44 22 

36 28 

52 

9 4 

0 720 

13 0 

82 8 

42 

1 05 

30 29 

Quiet 


36 66 









Basil 

39 51 

36 58 

5G 

51 

0 738 

111 

78 6 

10 3 

1 12 

32 24 

Quiet 

37 03 

36 44 

55 

1 1 

0 762 

13 3 

70 8 

15 9 

0 93 

20 73 

Quiet 

52 36 

36 50 

58 

15 4 

0 745 

10 2 

70 3 

13 5 

1 21 

34 81 

Exercised 10 min 

49 81 

36 64 

53 

58 

0 774 

119 

08 9 

19 2 

104 

29 84 

Quiet 


36 08 










48 84 

30 29 

, 

58 

26 

0 773 

110 

69 0 

19 4 

1 12 

31 90 

Exorcised 10 min 

51 94 

36 51 


0 7 

• 






Exercised 10 min 

43 85 ' 

36 65 

59 

29 

0 752 

12 3 

74 6 

13 2 

100 

28 07 

Quiet 

43 22 

36 48 


28 

0 734 

11 3 

81 4 

73 

109 

31 11 

Quiet 


36 46 









Basal 

43 09 

36 53 

55 

21 2 

0 776 

12 5 

05 4 

22 0 

1 07 

30 42 

Quiet 

48 78 

36 64 

56 

19 4 

0 711 

11 6 

87 2 

1 2 

117 

33 02 

Quiet 

43 58 

36 61 

54 

25 4 

0 765 

13 2 

07 9 

18 9 

1 02 

28 95 

Quiet 

44 95 

36 61 

56 

23 6 

0 759 

12 7 

713 

161 

106 

30 03 

Quiet 


36 76 









Basal 

42 16 

36 80 

65? 

2 9 

0 767 

10 8 

69 7 

19 5 

0 97 

27 57 

Asleep 

38 53 

36 68 

65? 

10 7 

0 743 

98 

79 7 

10 5 

110 

3010 

Awake, qmet 

48 46 

36 72 

53 

7 4 

0 6S9§ 

97 

90 3 

0 

1 10 

30 72 

Auake, quiet 


36 75 









Basal, D N 3 81 1 

37 58 

36 63 

64 

70 

0 757 

79 

75 2 

16 9 

110 

31 57 

Asleep 

47 22 

36 63 

64 

96 

0 673 

74 

92 6 

0 

116 

33 33 

Asleep 

52 84 

36 74 

62 

9 6 

0 712 

80 

90 7 

1 3 

110 

31 06 

Asleep 


36 98 









Basal,!) N 3 12 

46 13 

36 89 

64 

8 5 

0 679 

10 8 

89 2 

0 

1 40 

3819 

Dozed 

46 55 

36 82 

64 

22 

0 089 

113 

887 

0 

134 

36 50 

Quiet 

52 30 

36 84 

63 

65 

0 713 

11 1 

88 9 

0 

1 40 

37 02 

Quiet 


+ D N assumed as 3 65 for calculations 
^ R Q assumed as 0 707 for calculations 
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— Experiments — (Continued) 


Direct 





Per Cent 


Calorics 


Calo 

rimetry 

Rectal 

Aver- 

Work- 

Non 

OnlorJes from 

per Hour 


Remarks 

Temp , 

age 

Adder, 

protein ■ 













(Rectal 

0 

Pulse 

Om 

B Q 

Pro 


Oarbo 

Per 

Per Sq M 


Temp ), 
Gal 





leln 

Pat 

byd 

Rs 

Meeh 



30 66 






■ 


i 

! 

Basal 

30 33 

30 39 

72 

30 

0 723 

13 3 

82 0 

B 

0 93 

1 25 95 

Very quiet 

40 52 

36 85 

72 

26 

0 733 

13 5 

76 5 

10 0 

0 92 

25 03 

Very quiet 

30 62 

36 05 

73 

12 0 

0 739 

13 7 

76 3 

10 0 

0 91 

25 20 

Quiet 


37 31 







1 

i 

1 

Basal 

55 09 

37 10 

62 

34 

0 827 

171 

48 0 

35 0 

100 

32 74 

Restless 

65 99 

36 90 

63 

21 

0 784 

16 3 

70 2 

21 1 

105 

84 37 

Quiet 


30 76 









97 gm olive oil at 











10 03 a m 

5810 

36 84 

64 

27 





1 09 

34 74 

Quiet 

65 49 

36 92 

60 

20 

A 




109 

34 78 

Quiet 

CO 45 

36 92 

55 

46 




1 

111 

35 62 

Restless 



« 






110 

35 00 


Urine lost 
r Breakfast at 7 


36 94 

• 









90 gm olive 
oil at 9 17 a m 

69 64 

36 98 

71 

1 

0 743 

20 0 

70 7 

93 

1 26 

40 03 

Quiet 

7S39 

37 02 

60 


0 734 

19 6 

73 8 

66 

129 

4152 

Quiet 

7S SO 

37 01 

07 


0 743 

20 6 

70 2 

92 

1 23 

39 03 

Quiet 


3718 







1 

i 

Basal 

49 49 

36 84 


66 

0 761 

14 

73 

13 

111 

34 74 

Asleep 

148 21 

37 06 

1 

69 

38 6 

0 730 

1 

12 

79 

9 

123 

S8 53 1 

1 

Pairly quiet 


37 63 



i 

1 



A 


At 10 45 to 10 52 










i 

oatmeal, 125, 

64 43 

37 39 

80 

68 

0 749 

20 

20 

68 

12 

1 37 

42 99 

butter, 15, pro- 
tein, 18 8, fat. 

89 21 

37 42 

79 

24 4 

0 773 

62 

18 

1 42 

44 49 

19 8, carb , 89 1 

88 69 

37 28 

71 

20 0 

0 744 

' 21 

69 

10 

135 

42 69 



37 21 








1 

At 9 45 to 9 63 


37 12 

76 


0 783 






oatmeal, 125, 

70 91 

12 5 

16 

62 

22 

137 

42 89 

butter, 16 

78 10 

3711 


21 9 

0 843 

18 

44 

38 

125 

39 23 


80 50 

37 17 

85 

13 0 

0 833 

18 

47 

35 

125 

3915 



3719 









Bread, 18, butter, 

71 53 

37 06 


75 

0 774 

14 

66 

20 

121 

38 16 

9, every 2 hrs , 
last taken at 

74 35 

37 00 

69 

83 

0 822 

14 

52 

34 

114 

36 09 

11 37 a m 

77 84 

37 03 

76 

74 

0 783 

14 

63 

23 

119 

37 78 



37 OS 









Basal 

7211 

37 02 

72 

68 







Very quiet 

7310 

37 06 


79 

0 769 

13 

68 

19 

115 

so 44 

Very quiet 

74 45 

37 07 

75 

10 0 

0 802 

13 

69 

28 

112 

35 16 

Very quiet 


36 87 









Oatmeal 13 6, 

65 35 

36 70 

76 

90 

0 751 

31 

68 

11 

112 

35 59 

butter 9, every 
2 hrs , last 

72 95 

36 71 

76 

HI 

0 760 

32 

55 

13 

112 

35 41 

taken at 11 07 
a m , asleep 1st 

74 71 

36 75 

75 

B 

0 798 

32 

47 

21 

1 

111 

1 

35 15 

period and half 
of second 
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T MiLH 7 — Data CAioRnitTCR — 


‘■vibjut 

Halt, 

Vtrifht, , 

^nrl HI’ 

Arc 1 

1 !ih nr ! 

I onmila ! 

IVrlo.l 

1 !)(1 
«'t 

IV rlod 

C It Thou 

Gin 

Gin 

}l Q 

W «4<r, 
Gin 

ttrino N 
ver 
Hour. 
Gin 

Indirftt 

Ca\f) 

riimtr}, 

Ciil 

Hi’nt 

1 lltnl 
nntrd, 
Cn! 


I’rilliii 

11 *5 




__ 




/I«'’14 










Kf 

1 

i: .'j 


22 1*' 

0 7S1 


0171 

73 47 

71 21 


n 

1 Co 

24 41 

21 

f-siC 


0''7l 

73 12 

'0£7 


a 

- Cl 

.2 11 

1*1 IS 

0X0 

^^9 

0C71 

01 42 

7107 


4 

1 Cl 

22 07 

!'• SI i 

0^10 

21 2s 

0 373 

(0 01 

74 31 

IdixK 

I’rt llii) 

1. ro 


] 



1 













" ci ht 

1 

1 w 

!■= :i> 

17 11 

(> 770 

1«15 

0 'V.s 

1 

I '»7 ^^7 

00 30 



2 W 

20 17 


0 74S 

JO 04V 

oils 

01 34 

03 02 


i ^ 

O 05 

20 21 

1 JC f,^ 

0 7:s 

20 0) 

0 "21S 

02 IS 

01 03 

lolin O'C 

rrrllni 

11 Cl 


















"1 Kt 

1 

12 "1 

14 ''fi 

0 

0752 

24 14 

OCSl 

10 03 

47 00 

1 20 M 












1 31 

1107 

0 43 

OSIC 

24 

OlSl 

44 74 

4SS2 

John 0 C 

rrtlliii 

11 40 








iron'. 










i-M'. Kj, 

1 

12 4', 

14 23 

12 f3 

psoi 

22 00 

0 202 

42 SO 

41 3S 

1 22 Vfi M 

1 

1 4('. 

14 «7 

1411 

0 7il 

2f. 21 

0 2(.2 I 

10 03 

30 33 


Glycosuria The urine always became promptly and completely 
sugar-free on “green” clays The total amount of glucose excreted 
during the oat period was 64 1 gm , during the bread period 88 8 gm 
This clifTcrcnce is fully comparable to those in the literature upon which 
the claims of superiority of oatmeal liaAC been based But, as Blum 
pointed out, spontaneous fluctuations m diabetic glycosuria must be 
allow'ed for, even wdien all conditions are kept as uniform as possible, 
and a repetition of the same test sometimes gives a variation in the 
opposite direction The more favorable carbohydrate balance m this 
instance speaks no more for oatmeal than the less favorable nitrogen 
balance during this same time speaks against oatmeal This interpreta- 
tion is supported by the results of the other test , for on the days wdien 
the carbohydrates w^ere given in small divided doses it so happened 
that the glycosuria from bread w^as only a trace, wdiile that from oat- 
meal amounted to 5 75 gm A consistent difference in favor of oatmeal 
IS therefore not present 

Respiration Experiments This patient on February 12, wdiile fast- 
ing in the morning aftei a “green” day of eggs, butter and green vege- 
tables of the 5 per cent class, derived from 10 to 13 per cent of the 
calories from carbohydrate On the first oatmeal day he derived 13 
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— Experiments — (Continued) 


Direct 
Calo 
rimetry 
(Rectal 
'ierap ), 
Cal 

Rectal 
Temp , 

0 

Aver 

age 

Pulse 

Worlv- 

Adder, 

Cm 

Non 

protein 

E Q 

Per Cent 

Calorics irora 

Calories 
per Hour 

1 

EemarlvS 

Pro 

tern 

Pat 

Carbo 

bjd 

Per 

Per Sq M 
Meeh 

C3 34 

37 16 

36 99 

67 

11 3 

0 777 

13 

66 

21 

112 

39 67 

At 9 45 to 10 06 
a m , broad 168, 
butter 15 

81 41 

37 07 

73 

28 3 

0 813 

14 

55 

31 

1 25 

39 48 


C9 51 

37 01 

71 

22 2 

0 847 

15 

44 

41 

110 

34 78 


68 02 

36 94 

70 

27 0 

0 811 

15 

55 

30 

1 13 

35 66 


51 32 

36 68 

36 65 

59 

10 6 

0 774 

15 

65 

1 

20 

1 00 

31 51 

Basal 

Asleep SO mm 

CC 74 

30 80 

GO 

151 

0 739 

14 

70 

10 

111 

34 97 

Quiet 

67 66 

36 88 

62 

13 3 

0 774 

14 

66 

20 

1 OS 

34 01 

Quiet 

45 42 

36 43 

36 34 

58’ 

161 

0 711 

21 9 

77 0 

1 1 

1 47 

37 56 
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Same food as 
above 
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46 71 

36 15 

72 

18 0 

0 757 

14 9 

69 4 

15 7 

1 44 

37 25 

Restless 


per cent , and on the thud oatmeal day 32 pei cent from carbohydrate 
If the metabolism of carbohydrate continued at this rate of 32 per cent 
throughout the day, he could have utilized about 145 gm The positive 
carbohydrate balance on that day was 149 gm On March 18, the third 
day on which he received the same amount of starch in the form of 
bread, he derived 31 per cent of his calories from this source, he 
utilized about 130 gm , and the positive balance was 147 gm He was 
able to derive 26 per cent of his calories from carbohydrate after 
small divided meals of bread and butter, and as much as 24 per cent 
while fasting on the morning after his usual diet, which just kept him 
sugar-free After similar doses of oatmeal he derived only 15 per cent 
from carbohydrate The respiration experiments therefore show no 
significant difference between the starch of bread and that of oatmeal 
m this case 

The morphin addict, John O’C , with mild diabetes, gave exactly 
the same results, namely, on the first oatmeal day, April 28, 14 per cent 
from carbohydrate, on the third day, April 30, 23 per cent He was not 
tested with bread 

It IS quite possible that the slightly lower combustion of carbo- 
hydrate indicated by the quotients on the first as compared with the 











TABLE 8-lND!PrcT 





Am rare Cnlorlcs 





per Hour 


htilijctt 

C liarnctpr of 

Calorics 

i . 


Per 



titid 

1 xpf r(ui« lit 

vn 


Per Cent 

So M. 

n Uf* 


hl‘ 

Per 

from 

Linear 




‘•'1 .M, 

Atcrngc 





Mrch 

Aonmil, 
21 7 








1!/ ''*1} 

Jill nl 

1 20 

C.5 c 


CC 7 

n/K’/H 

JlfiMil ‘tioinl <lti) of fti’t 

1 "S 


-11 

20 If 

n/H It 

11 1 ' il, fourth fhii of fa^t 

1 C2 

oC4 


C04 

11 l»./ll 

IIt'tI, “Ixth <I ij of fft 

1 22 

Cw 5 


23 9 


'J no hotl’’'’ aftir uliM.} 

1 as 

0 


*^>5 -i 

11, IS H 

Illi'iit c!f hill ihij of t if-t 

1 (iS 

29 5 

—15 



U hvi hoir afti r 

1 11 

21 7 


22 0 

11/-0/1I 

1 our hour* nft< ^ uhl«k) 

1 11 

20 2 


CO 7 

n/-'/H 

II i<i il llfth «lnj of fiH dint 

1 O'! 

2SD 

—IS 

29 G 

n/.'t/H 

11 i«’d ••Kth d 1) tif fftdlui 

0"3 

203 

—22 

2a 0 

n h 

Ilt'id, fill ith d,i} of f'< dim 

0''2 

2c5 

—24 

27 7 


1 'IMO liourh after whl-kj 

0 03 

20 7 


23 0 

11, ■'CO/ 11 

Hacnl (with o tier drltiKIni.) 

090 

23 5 

—IS 

31 4 

1‘.7 OMl 

IJnvd 

1 02 

295 

—15 

310 


lln«nl olth cxerche 

1 12 

32 S 


31,3 

l.V 1/11 

1 xi'rcio ulth h’i»nl 

1 07 

20 C 


327 

12/ 7/H 

llntnl 

1 OS 

SOC 

-12 

31 S 

Willldin G 

i/n/r. 

Jla«nl 

1 03 ■ 

CP c 

—13 

29 3 

i/io/ir. 

llU'Ill 

1 12 

320 

— s 

319 

i/22/r. 

lliiF d 

1 37 

57 2 

1 

1 

+ 7 

S3 3 

To'-oplt Xj 
2/1/13 

Ha'td 

0 02 

25 6 

—26 

25 4 

I (iM arc] 
io/3oai 

Ilnsnl 

103 

33 6 

— 3 


10/31/14 

Too to fl\e hours after 07 

110 

SoO 



11/ D/14 

rm olhooH 

T^^o to the hours nftcr PC 

1 29 

40 9 

+17 

1 

i 

Rin ollie oil folioMiuK 
breakfast 






roIi\ K 

2/11/14 

Ilnsnl nftcr 1 green dn> 

1 19 

37 3 

+ 7 


2/12/14 

2/11/14 

VA to Wt hours after 125 gin 
oatmeal, 15 butter I 

IVj to iVi hours nftcr 125 gm 

1 33 

1 29 

43 4 

40 4 



ontmeni, 15 butter, third 
oatmeal dny 

IIS 

1 

37 3 




2/24/11 

After 18 gm brand and 9 but 



2/20/14 

tor c\ery te\o hours 

Basal 

1 13 

35 8 

-f 3 


3/13/14 

After 13 0 ontmeni nnd 9 bub 

112 

354 



3/18/14 

tor every trv o hours 

IV. to 6y_hrs after ICS brend 

118 

37 4 



nnd 16 butter, 8d brend dny 
Bnsnl after one green dny 

IOC 

38 6 

i 


3/20/14 



John O’C 
4/28/10 

Alter 100 gm oatmeal nnd 20 

1 45 

87 0 

(+ 7) 

37 7 

butter, first ontmeni day 
After same food, third oat 

1 38 

86 7 

(+ S) 

36 7 

4/30/15 

meal day 




med t 


* On nccount oJ lesplratoiy quotient, deutrose nitrogen ratio assuin 
, N.%iot,rr.?;&°'q5» «m for oalenlatlon. 


Calorimetry Summary 


Per Cent 
from 
Average 
Normal 

39 7 

Aver 

age 

B Q 

Aver- 

age 

Non 

protein 

E Q 

Per ] 
Cent 
Cal 
from 
Curb 

Per Cent 
Diver- 
gence of 
Direct 
from 
Indirect 
Cal 

Aver 

age 

Pulse 

Eemarks 

— 8 

0 719 

0 707* 

0 

+ 2 

75 

Verj quiet, D N 1 53’* 

— 1 

0 697 

0 700§ 

o§ 

- 2§ 

100 

Asleep, D N 3 5 

— S 

0 702 

068 t 

0 

— S 

80 

Asleep, D -N 10 

—15 

0 710 

0 701 

1 

— 1 


Asleep, D N 1 55 


0 717 

0 710 

6 

. — 1 

70 

Asleep, D N 1 55 

-25 

0 716 

0 701 

0 

—21 


Asleep, D ^ 0 33 


0 737 

0 727 

6 

+ 6 

71 

Awake, D N 0 33 


0 718 

0 739 

10 

-1- 1 

61 

Dozed 

—26 

0 727 

0 712 

0 

—11 

49 

Awake 

—29 

0 753 

0 744 

10 

— 9 

51 

Quiet 

—30 

0 764 

0 756 

14 

—14 

48 

Dozed 


0 726 

0 712 

1 

—14 

51 

Dozed 

—21 

0 749 

0 740 

10 

— 7 

55 

Quiet 

—22 

0 757 

0 750 

13 

-16 

56 

Quiet 


0 765 

0 760 

16 

+ 2 

56 

Plc\ed arms 10 min 


0 760 

0 753 

13 

— 2 

59 

Pleved arms 10 min in 







first two periods 

-20 

0 759 

0 753 

15 

— 2 

55 

Quiet 

—26 

0 741 

0 732 

7 

— 4 

61 

Quiet 

-20 

0 707 

0 714 

0 

— 6 

63 

Very quiet, dozed, D N 







3 8t 

—11 

0 692t 

0 693 

0 

— 7 

64 

Quiet, D N 3 12 

—36 

0 743 

0 733 

8 

— 3 

72 

Very quiet 


0 805 

0 806 

28 

—11 

53 

Palrly quiet 


0 789 



— 5 

59 

Pairly quiet, urine lost 


0 753 

0 740 

8 

— 4 

69 

Quiet, breakfast at 7 







a m , Prot 44, fat 







204, Oarb 38 


0 749 

0 741 

10 

— 4 

69 

Pairly quiet 


0 766 

0 755 

13 

+ 1 

77 

Pairly quiet 


0 817 

0 820 

32 

+ 3 

81 

Fairly quiet 


0 791 

0 793 

26 

-f- 7 

72 

Quiet 


0 787 

0 786 

24 

-t -11 

74 

Very quiet 


0 781 

0 770 

15 

-f 7 

76 

Asleep one half evper 


0 811 

0 812 

31 

+ 2 

70 

Pairly quiet 


0 768 

0 762 

13 

+ 0 

60 

Quiet 

(-5) 

0 772 

0 76‘1 

14 

-f- 3 

64 

Pairly quiet 

(-8) 

0 784 

0 782 

23 

— 1 

69 

Pairly quiet 





Av ±5i 

5 



t D N ratio assumed to be 3 65 for ca]culntion= 

S Calculated from total O 2 and CO 2 for three houis 


10 


niL -RCmi 01 J\ILR\1L mrdiclm: 

thnd (la\ c)f catboliulralc diet nui) niduMtc stora};'c of fjiycogen after 
impoxcndiment on the picctdin^^ \cq;tlnl)lc da), in harmony with the 
oh<-cr\ation‘; of Johan‘'''On and others on this point The experiments 
fad to confirm Ixalta’s conception of .i stnkinq; dififercncc in the manner 
of ntih/ation of carlioludiate In diabetics on the fiist and third da}S 
of stu'Ii a "cure '' It nonld be desirable also to ha\e information con- 
lermn" the behavior of a normal subject under the same conditions, 

1 ut such an cxpcnnicnl was not included in the present senes 

Carbohvdratc and water retention The quantities of carboh)dralc 
not accounted for by coinhusnon aie in all these experiments such as 
mav e.isih be assumed to he stored as ql) cogen The experiments are 
not of a char.ictci such as to thiow light on the fate of carbohydrate 
under circumstances when, a*- Joshn' reckons, as much as 520 gm 
mav be rt tamed and not .iccountcd for b) {hfiercnces in the respiratory 
exchange The fate of carbohjdratc under the^e conditions must be 
regarded as not definitely settled Glycogen storage is known to be 
common!) associated with water letention Aside from the edema 
which authors have shown to be attributable to sodium chlorid and 
hicarbointe, the gam in weight of some diabetics during the oatmeal 
treatment may be i elated to the carbohydrate retention It will be 
noted that the jintient Jolin O’C actually gamed about a kilogram in 
weight during the oatmeal period On the other hand, Felix K, with 
a largci carboh)drate intake and apparent storage, gained no weight 
during his oatmeal period and lost a trifle during the bread period 
This result thcrcfoie stands in marked contrast to the well-marked 
increase in weight which ordinarily occiiis when a normal person 
changes from carbohydrate-pooi to caibohydrate-rich diet 

2 The Dcvti osc-NUt ogen Ratio — The eases of interest in this con- 
nection are those of William G , Gerald S , and that of Cyril K , vvdiich 
was described by Geyehn and DuBois, also another case more recently 
observed, a description of wdiich vvull be published shortly by Gephart, 
Aub and DuBois 

William G , as previously stated, at first upon admission to the Pres- 
byterian and Rockefeller Hospitals was found to show a dextrose- 
nitrogen ratio of approximately 3, with a strongly negative nitrogen 
balance Table 4 contains his record six months later, during a period 
of feeding in the attempt to improve his strength Starting with sugar- 
free urine on Januar)'^ 11, increase of protein and fat in the diet pro- 
duced prompt glycosuria, with dextrose-nitrogen ratios higher than 
before At least on January 15 and 20 the ratio was that of “total” 
diabetes The actual quantities of both sugar and nitrogen excreted 
were less than in the former period when the ratios were smaller , and 
the nitrogen deficit was less although the diet was lower than before in 
both protein and calories The clinical condition changed so rapidly 
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for the worse and the patient on January 22 was so ill and drowsy that 
it was necessary to lesoit to fasting to avert coma 

In Gerald S the dextrose-nitrogen ratio was confused by the pres- 
ence of carbohydrate in the diet until No^ ember 11 On this day no 
food was taken except 50 cc cream at 6 a m The ratio for the 
twenty-four hours No\ ember 11-12 was 3 68 The excessive nitrogen 
excretion wdnch w^as a prominent feature wuth William G w^as absent 
here The fall in both glycosuria and ratio during fasting is evident 
from Table 2 

Cyril K , the patient of Geyehn and DuBois, fasted five days with- 
out abatement of any of the diabetic symptoms, and Avith acidosis 
steadily increasing either because of the fast or in spite of it Then, on 
account of dyspnea and drowsiness threatening coma, he was given low 
diet for a few days, consisting chiefly of protein, though containing 
also 53 3 gm carbohydrate December 14 and 23 5 gm December 15 
The dextrose-nitrogen ratios for the next three days (December 15 
and 17 inclusive) were 3 97, 401, and 3 87 The nitrogen loss at this 
period Avas greater than e\er before described in uncomplicated dia- 
betes Beginning December 17, the condition gradually yielded to the 
second fast-treatment, as indicated by the fall of sugar, nitrogen, the 
ratio and the acidosis 

The case of Gephart, Atib and DuBois appeared at first to be of no 
extreme severity, and the urine was readily cleared up by fasting 
Thereafter, in consequence of excessive protein-fat diet and the simul- 
taneous development of an alveolar abscess, glycosuria suddenly 
appeared, and by the second day the 3 65 ratio Avas attained The 
condition then yielded promptly to a repetition of fasting 

It is desirable here to discuss the dextrose-nitrogen ratio as respects 
(a) its occurrence in human diabetes, (b) its practical and (c) its theo- 
retical significance 

(a) Lusk has insisted that trustAvorthy ratios are obtainable only 
Avhen the diet contains no appreciable quantity of carbohydrate The 
examples in the entire literature are very feAV, largely because the type 
of patients most likely to shoAv the maximum ratio has so seldom been 
subjected to the conditions necessary to establish the ratio Foster^® 
says “The diabetic patient is for several reasons an extremely difficult 
subject for these experiments It is usually impossible to restrict him 
for a period of a Aveek to a fat-protein diet ” Benedict and Joslm^ 
mention the danger of placing a patient Avith severe diabetes upon a ^ 
stiict protein-fat diet for several days Joslin'" also calls attention to 
possible errors due to excretion of retained carbohydrate unless ade- 

28 Foster, N B Diabetes Mellitus, Lippincott Co, Philadelphia and Lon- 
don, 1915, p 30 
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fluntc jMcc.uitions .irc lalvcn 'j he loiuhtion^ tn fa^.lnjq- dihcr 

m •^omc rc'si)ecl‘’ from thn‘^t, of protcni-f.il diLt '1 houtih ‘^nmcltnics an 
e\Ktin ’4 ratio of 3 6 raj)ulh tlnnnnshc‘> on f.ivtinq^, and the j^hcoHina 
i,lcai5 np, in other ta^'C*' tliK r.itio i-' clc.tih dm eloped an<l pcr^l«t‘' for 
at Ica^t ‘^cNcral da}s '^nuo the introrlnttion of tin fastmt; treatment. 
e\am])ics, nio‘'tl\ nnpnbh''hed .iv Nct, of ‘>iKh a i.itio h.i\e been obscr\(d 
b\ «e\cral clnucians It i‘> piobablc that ‘-uch ol)str\ation«; will hcncc- 
fortli be made more frecjnentlv. not because the incidence of «;ucli 
“tot.d” di.ibetc'^ i'- inert a-^ed In tiie faetmij tre.itmciit, but because thiv 
method iinohce plaeintj ^tteiely ibabttic patients as a routine measure 
upon a prot^ram of conijiletc earliolijdrate abstinence for tonsiderable 
periods, thus facilitalinij demonstration of the ratio with freedom from 
prcMOus din'icultics and errors 'ibis ts one of tlie features in wlueh 
the new tre.itment li.is jirotefl of sciMte not mcrclv for tlic jiracticc 
but also for the tbeor\, of diabetes 

(b) Recent experience confirms the su^jccstion of Lusk’' tliat the 
presence of the abo\e-mcnlioncd ratio need not be permanent or carr} 
a lapidly fatal profjnosis In the patient as m the pblorbi7ini7cd animal 
the relation between sup^ai and nitrojjcn in the urine under suitable con- 
ditions IS an index of the deficiency of carbolndrate combustion, and 
the maximal ratio sliows total aliscncc of utilisation of the sugar 
formed from protein Tins ratio docs not ncccssarih indicate the 
highest possible quantity of protein catabolism or sugar excretion The 
nitiogen excretion of Gerald S was iie\cr high William G sliow'ed 
markedly cxccssuc protein destruction at first, later (Tanuary It) 
the ratio was maximal, but the protein breakdown moderate Qril K . 
as above remarked, show'cd the most rapid nitrogen loss e\er recorded 
in a case of diabetes and this loss w'as still excessn e on December 22- 
23, wdien the ratio had fallen to 1 12 Phlorhi7in gi\cn to Gerald S 
could not have increased the latio but w'ould perhaps ha^e 
increased the quantities of sugar and nitrogen excreted The reason 
for the remarkable intensity of protein catabolism in some cases is 
not known There is no justification for the term “toxic applied by 
Magnus-Levy and others So far as existing data permit judgment, 
the difference does not he in acidosis, for the patients mentioned 
seemed about equally close to coma The bodily strength and nutritive 
state may play a considerable part For example, Cyril K (Geyelin 
and DuBois), with recent acute diabetes, had the necessary strength 
and reserves for intense waste of sugar and nitrogen, like the typical 
experimental animal Gerald S was weak and emaciated William G 

29 This remark applies to fasting On liberal protem-fat diet Benedict and 
Lewis (The Influence of Induced Diabetes on Malignant Tumors, Proc Soc 
Exper Biol and Med, 1914, xi, 134), found the nitrogen excretion of human 
subjects not increased by “total” phlorlnzination (personal communication) 
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Avas weaker in the second of the periods described than in the first, and 
weighed some 5 kg less But this may not be the whole explanation 
A specific disorder affecting protein metabolism in some patients, as in 
totally depancreatized dogs, is not excluded The possibility of very 
rapid changes m the ratio, as exhibited most strikingly by the patient 
of Gephart, Aub and DuBois, is one of the strongest evidences m favor 
of the functional element m human diabetes Such sudden changes for 
the worse oi for the better are scarcely to be expected in the case of 
purely organic lesions, and are contiary to the results in animals when 
the islands of Langerhans have been lost Because of the generally 
Uiore faAorable outlook for functional as opposed to organic distur- 
bances, the dexti ose-nitrogen ratio therefore contributes something 
to the prognosis in human diabetes For the very reason that the 
process is at least partly functional and under appropriate treatment 
may be temporary the dextrose-nitrogen latio fails to define the later 
prognosis in any individual case Aside from the duration of the 
trouble and other fallible clinical indications, there is now no basis for 
predicting which patients are likely to recover tolerance quickly and in 
considerable degree, and which are likely to improve slowly and in 
slight measure Experience to date indicates that cases of brief acute 
course, when checked by radical treatment, may show a correspondingly 
more rapid improvement as compared with the more protracted cases 
m patients of corresponding age and type The occurrence of the 
dextrose-nitrogen ratio of the phlorhizinized dog m any human patient 
may be taken as a sign of the gravest immediate significance The 
few knoAvn to have exhibited this ratio during fasting have died, except 
the patient of Gey elm and DuBois The exception is believed to be due 
to the skilful alternation of fasting and protein feeding in this case, but 
further experience will be necessary for decision It is at least estab- 
lished that careful treatment ofters some hope even m cases of this 
type, and that with the worst of ratios and other symptoms an appre- 
ciable carbohydrate tolerance may subsequently be regained 

( c) The principal debate concerning the dextrose-nitrogen ratio has 
been not whether values as high as those mentioned occur in human 
patients, but whether any higher values ever occur Animal experi- 
ments aiming to prove the formation of sugar from fat have all miscar- 
ried , but a few authors still hold that occasional cases of exceptionally 
severe human diabetes show dextrose-nitrogen ratios so high as to be 
explainable only by the formation of sugar from fat Some of the 
cases above described are not lacking in severity, but rather give the 
impression of being more severe than those in the literature in which 
sugar was supposed to have been formed from fat, and neitlier on pro- 
tein-fat diet nor on fasting were any ratios observed which could 
justify the assumption of sugar-formation from fat It may be argued 



nuh i/iL uauiiis ai u midkim, 

th.it the iK'f^.ituc cviilciuc in the pit^'Ciit i.uinot overihrov po':!- 
tu( CMtkiuc ill other o.'ses, uhnh thoti^jh luti more ecicrc uiav lin\c 
hun of peciiii.it th.it.utcr Mone. it lould not do eo IkU tlicVrirho- 
iuor.itc luuiixcr of {iiiticiits on o{d-i.i''hioncd protcin-f.u rct^^imcn c.'iuscd 
muncrou'; v. ntoi<; to comp.irt them to dniir addicts with n“>pect to their 
inq:cniiu\, pcrtin.it it\ and .iKo mend.uitx m ohl.iinint: forbidden food, 
oxen XX lit 11 suppoKerlix isol.Ued .md xx.itchcd . and c\j)cricntcd oh^erxer': 
.irt axxarc th.il only speci.d tMixironmenl .md cjicti.d qinihru.ition^ of 
the nurse in th.ii^e c.in iru.ii.intce au.mict this soiiicc of error 
nccur.icx of inx estimation h.is incrc.i'^eti. the luimher of reports of 
r.itios inditatinq- sugat formation from f,it has dimini<;hed Appar- 
tntlx no such ratio has cxei been described in America, and the expe- 
rience of the majontx of clinics .'’ud lahoi atones elscxxhcre is similar 
The nistification foi questioning the alleged riiidiiigs m occ.isional 
cases at a fexx European clinics is found m the large number of accur- 
ate obseixers xxho see numerous chahclics of xanous grades of scxeritx. 
but arc still xx.iilmg to sec .am t.isc shoxiing the cxccssnc ratios iiicn- 
lioncd The general agreement of ncgatixc cxidcncc is behexed noxx 
sufticicnl to set aside the principal support of the doctrine of sugar for- 
mation from fat, namclx. the supposed occurrence of this process in 
diabetic patients 

3 1 he Rcspuatoiy Quotient — In the eases mentioned, except that 
of Cyril K , the Lusk dextrose-nitrogen ratio was present only for brief 
periods The objection miglit therefore he laised that these ratios xxere 
purely accidental, and pailly accounted for bx sxxecping out of more or 
less carboliydiatc prcxiously retained as glycogen or sugar Here the 
necessary proof is afforded b}' llic respiratory quotients In the case 
of Gerald S it xx^as impossible to dctciminc accurately the dextrose- 
nitrogen ratio Nox'cmber 9. the day after a considerable amount of car- 
bohydrate in the food, so it xvas assumed for purposes of calculation 
to be 1 5, a figure xvhicli gax'^e theoretical results On the second day of 
the fast, the dextrose-nitrogen ratio being 3 5 during the calorimetei 
period, the total quotient xx^as 0 697 and the nonprotein quotient 0 7 
On the sixth and eighth day^s of the fast the nonprotein quotients xvere 
0 701 and 0 701 respectix’’ely For William G in the last txvo experi- 
ments (January 15 and 22), with dextrose-nitrogen ratios of 3 81 and 
3 12 during the calorimeter periods, nonprotem quotients of 0 714 
and 0 693 were found The average nonprotem quotient on all these 
days xx^as 0 703, as compared xvith the theoretical figure of 0 707 for 
fat These and the similar quotients obserx'^ed in Cyril K serx'^e to 
show that the dextrose-nitrogen ratios obtained under the above con- 
ditions xvere not accidental, but at the times xvhen the Lusk ratio xvas 
present the diabetes xvas actually “total ” These quotients also agree 
xvith the results of Benedict and Joslin and other exact xx^ork in fur- 
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nishing additional testimony against the foimation of sugar from fat, 
thus fully confirming the evidence afiforded by the dextrose-niti ogen 
ratio 

The tables also show that duiing the fasting treatment the power 
to oxidize carbohydrate graduall}'’ improved, as would be expected from 
the urinary findings On fasting and on low diet thereafter the patients 
were able to derive an appreciable percentage of the energy requirement 
from this source Joseph U was able thus to deine 8 per cent of his 
requirement Geiald S , from a condition of total inability to oxidize 
sugar, apparently became able to derive 15 pei cent of his energy 
from it William G illustrated the opposite change produced by pio- 
tein-fat overfeeding Jantiar}^ 11, on low diet, he was deriving 7 pei 
cent of his requirement from carbohydrate The protein and fat were 
then increased, and by January 15 “total” diabetes was present 

Brief mention ma}' also be made of the two exercise experiment-^ 
with Gerald S on December 2 and 4 The exercise performed in the 
calorimeter consisted in flexing and extending the forearms foi ten 
minutes at the beginning of a period The labor performed was suf- 
ficient to raise the heat pioduction by 18 per cent for the hour period, 
or by about 100 per cent for the ten minutes of actual exercise The 
respiratory quotient showed no change during this hour, remaining at 
0 75 , but in the next hour the total quotient was 0 779 and the nonpro- 
tein quotient 0 77, which figures are higher than the averages obtained 
in any of the experiments with this patient at rest On December 4 a 
similar ten minutes of exercise was inserted at the beginning of the 
preliminary period, immediately after the calorimeter was sealed, and 
also at the beginning of the first and second hours thereafter The quo- 
tient in the first hour was 0 778, corresponding to that on December 2 , 
the quotient in the second hour was lost through accident The experi- 
ments at least give no indication of a lowering of the quotient due to 
any hypothetical exhaustion of glycogen in a patient supposedly gly- 
cogen poor This aspect is to be emphasized more than the slight rise 
of the quotient, which might have been accidental in the two experi- 
ments, though It may perhaps suggest a slight increase in carbohydrate 
utilization, possibly bearing some relation to the therapeutic benefits 
of exercise ® 

The most surprising feature pertaining to the respiratory quotients 
consisted m some unexpectedly high values obtained, similar to those 
described by Joslin For example, Gerald S fasted eight days, Novem- 
ber 11 to 19, then received a gradually increasing protem-fat diet, with 
from 750 to 1,000 gm of thrice-boiled green vegetables daily On the 
fifth day of this diet, November 23, the quotient indicated that he was 
deriving 2 per cent of his calories from the combustion of carbo- 
hydrate The subsequent experiments, up to December 7, gave quo- 
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jndiiatni” t nnibu^tion (if bttuctn 10 H per cent tarbo- 
h\ (irate, with an a\eraue of 12 per <.(.nt During tbi-^ period tin ba^al 
metabolism a\erac:ed 1,012 calories pei tuente-four boiirc If he were 
deinme: 12 per etnt of his (alone*; from c.irbolndrate, be must ba\c 
mctaboli/ed an a\crai^e of 31 3 j»m a (la\ or a total of d3S jrni ,,1 the 
twr* weeks Xitordin):^ to the analsscs ot the tbrice-boilcd f^rctn \c;^e 
tables, which were the (Uily possible source of starches or sugars, be 
could not ba\e reeentd more than 2 or .3 gm of earbolndratt a dav 
It is improbaiilc that be could have m.iintamed a store of 400 gm of 
gheogen m his body under the c iiciimsianees The blood sugar did 
not fall enough to suggest that more than a small fraction could have 
been derned from this sourec, and the recent work of P.dmer''" pro\es. 
as far as is jxi'.siblc witli animal experiments, that the quantity of sugar 
present .is such m the tissues is insignificant The results after the 
ingcslioii of wliiske are also hard to interjiret It is known that alcohol 
requires .1 modcr.ite .unoiint of time, soiiictnnes sc\cral hours, for its 
complete conihnstioii, hut it is impossihlc to tell liow' much alcoliol is 
metaholi/cd each hour, suiec the nonprotciii resjnrator) quotient wall 
not sohe a problem with tlircc unknowns Alcohol has a quotient of 
0 667, hut It may possibly e.iusc \asoinotor and rcsjnratory change-, 
leading to an chniniation or retention of carbon dioxul w itli resulting 
false quotients But its .iclioii in normal jicrsons or animals is to 
depress the qiiotunt , 111 all the extensne stiuhes concerniiig the utiliza- 
tion and effects of alcohol, .1 rise of the quotient after its ingestion has 
never been rejiorlcd In the earlier whisky experiments with Gerald S , 
there w'as a sharp rise in the quotient after clnnkiiig, follow'ed by a 
corresponding f.ill in tlic second hour, the highest non-protcin quotients 
for single hours being 0 764 on November 18, and 0 773 and 0 782 on 
November 20 Tins wvis not seen in control experiments m wdiicli the 
patient drank the same amount of plain water at the same temperature, 
or went through the movements of drinking without sw^allowung any 
liquid Mild exercise, as aho\e stated, had no immediate effect on the 
^ quotient Finally, on Nov 25, the wdiisky w*as given in such a way that 
there was absolutely no exertion on the part of the subject, and 
although the rise of quotient in the first hour w'as absent, the marked 
drop in the second hour was present In this last observation there w'as 
no apparent increase in the combustion of carbohydrates, but 111 the first 
three the average quotient of the hours after whisky was slightly higher 
than before There w'as thus an apparent increase in the carbohydrate 
metabolism, which would be even higher than calculated if alcohol with 
its low quotient rvere oxidized, thus tending to lower the total quotient 
Joslin has suggested that combustion of retained acetone bodies, 
with their high quotients (beta-oxybutyric acid 0 89, diacetic acid 1 00), 


30 Palmei, W W In press 
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may account for some rise m the quotients of these patients The sug- 
gestion IS suppoited by the observation that on fasting the ketonuria 
falls and the quotient rises Also, if it should prove true that alcohol 
diminishes ketonuria, as claimed by authors^^ in the past, the rise of the 
quotient after ingestion of alcohol might correspond to an increased 
combustion of acetone bodies The high quotients as described seem to 
be a regular or frequent phenomenon in patients with severe diabetes 
under the conditions described, and the possibilities may be discussed 
by comparison of the cases reported The blood sugar, as stated, fell 
somewhat in the case of Gerald S , but rose during the development 
of the increased quotients in Geyelin and DuBois’ patient (Cyril K ), 
and m the patient of Joshn The above calculation m the case of 
Gerald S requires the equivalent of 400 gm of glycogen to explain 
the quotients observed No patient could possibly retain enough ace- 
tone bodies to correspond to the whole of this requirement The high 
quotients have generally been observed when the glycosuria and keton- 
uria weie diminishing either dining oi after fasting, or on ingestion of 
whisky An exception is present in the case of Cyril K when receiving 
protein diet on Decembei 16-17 Here the ketonuria was higher than 
on an} previous day, namely, 75 gm reckoned as beta-oxybutync acid 
The carbon dioxid capacity of the blood plasma had fallen to its lowest 
point, namely, 19 6 (the normal figures being from 40 to 45) The 
dextrose-nitrogen ratio was at its highest point, namely, 4 01 Under 
these circumstances it is difficult to understand what kind of material 
could be burned to give the observed nonprotem respiratory quotient 
of 0 743 This single result may possibly be due to some accident con- 
nected with the circumstances of this particular case On the other 
hand, it may possibly be of some significance in connection with the 
fact that, although all the laboratory tests aside from the respiratory 
quotient indicated that the patient was in no wise better and in some 
respects worse on December 16-17 than on December 9-10, yet it was 
evident clinically that his condition was much better on the latter date 
and the symptoms of intoxication greatly diminished This patient 
was receiving alkali during this period, but Gerald S and Joshn’s 
patient leceived none, therefore the quotients can scarcely be due to 
dosage with bicarbonate It is conceivable that high quotients in one 
part of the twenty-four hours might be compensated by low quotients 
in another part No respiration experiments were performed at night, 
but it IS scarcely probable that any marked difference existed between 

31 Neubauer, O Ueber die Wirkung des Alkoliols auf die Ausscheidung 
der Azetonkorper, Munchen med Wchnschr, 1906, Iiii, 791 Benedict, H, and 
Torok, B Der Alkohol in der Ernahrung der Zuckerkranken, Ztschr f ' klin 
Med , 1906, lx, 328 Staubli, C Beitrage zur Pathologie nnd Therapie des 
Diabetes mellitus, Deutsch Arch f klin Med , 1908, xciii, 107 
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<laN and niglU Such .i dificrcncc would in itself constitute an abnoi- 
niality. for the day and night c|uotients h.i\c never been Known to var\ 
to such .in extent in picvious cxpcnnients on normal persons and 
.unm.ils It IS noteworth) th.it while the avcragi divergence between 
the methods of direct .ind indirect c.ilonnielrv in the present senes was 
onlv' 2 3 per cent , .ind the agieemcnt was close in the first experiments 
with Gciald S , vet hcgu.ning with the eighth d.av of his fast. November 
IS. when the period of high {luotieiits beg.m. there appeared miriiib 
errors of the direct <is comp.vrcfl with the indirect calorimetrv some- 
times as high .IS 21. 1-1 and 16 per cent Such discrcp.incies might in 
pait he explained if the quotients were due to combu^-tion of some other 
maten.d, peihaps acetone bodies, instead of carbohjdrate as assumed, 
for then the reckoning of the indirect calorimetrv vvoubl he considerably 
altered On the other hand the diveigcncc mav possiblv h.ivc bcc.i 
due to technical error in the mc.isiiicincnt of the average temperature 
of the bodv 

4 7 he Total — Tii regard to the general question of 

heat production the present senes of experiments agrees with the work 
of jircvious authors m showing the bas.d metabolism per kilogram of 
body weight to be increased m scvcic diabetes But as .above men- 
tioned, the principal need in connection with this vexed question has 
been a satisfactory standard of comparison between diabetic and non- 
diabctic subjects Tlic linear formula devised espcciall} to throw light 
on this subject is believed to afford such a standard, and the conclu- 
sions m the present paper arc drawn on the basis of this mode of calcu- 
lation The summary m Table 8 shows that the surface area of thin 
diabetics is not so much smaller than that of normal men as would 
be indicated by Meeh’s formula, and consequently their metabolism 
is considerably lower when compared with the normal av erage accord- 
ing to the linear or height-weight formula than when Meeh’s less accur- 
ate formula is used The difference between the results as expressed in 
terms of the two foimulas m the case of Gerald S is from 8 to 13 per 
cent With William G it is from 11 to 18 per cent, with Joseph U , 
10 per cent , with John O’C , from 11 to 12 per cent These were all 
very thin diabetics, and the differences with less emaciated patients 
would be proportionately smaller With patients stouter than the aver- 
age the metabolism would be higher according to the linear formula 
than according to Meeh’s, but patients with severe diabetes aie seldom 
stout 

Among the patients described in the present paper, it was noted that 
Gerald S entered the hospital in a weak and exhausted condition 
His metabolism at this time, Nov’^embei 9, w'^as 2 per cent above the 
av'^erage normal by Meeh’s foimula, but 8 per cent below the average 
normal by the linear formula William G had been subjected to 
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prolonged low diet Starting at 26 per cent below normal on January 
11, when glycosuria was absent, his metabolism rose, on increased diet 
and the return of active diabetes, to 20 per cent below normal on 
January 15 and to 11 per cent below normal on January 22 On the 
other hand, in the patient of Geyelin and DuBois^® (Cyril K ), the dia- 
betes was recent and acute, and heie the metabolism was above normal 
The respiration experiment on December 15 was after food, therefore 
the metabolism of 15 pei cent above normal does not repiesent a true 
basal value The highest basal metabolism actually demonstiated here 
was 3 per cent above normal on December 18 

The patient Edward M never showed the true ravenous hunger of 
diabetics, but had been a heavy eater all his life and could dispose of 
a large diet exceptionally well, with no increase of his slight dyspeptic 
complaints During most of September, weighing 58 to 63 kg and 
leading the inactive life of a ward patient, he had enjoyed a high 
diet, the maximum being during the period September 21 to 26, with 
from 6,100 to 6,300 calories daily, consisting chiefly of fat, of which 
there was nearly 600 gm daily Instead of steatorrhea, there were 
small constipated stools, showing exceptionally high utilization by 
analysis As stated in his history, the diet had been moderate but ade- 
quate preceding the first calorimeter tests The body weight was 
about 60 kg , as opposed to his original "normal” weight of about 80 
kg But he felt well and strong at this weight, and, correspondingly, 
the basal metabolism on October 30 was found entirely normal, 3 per 
cent below the average On October 31 the metabolism was measured 
two to five hours after drinking 97 gm olive oil Table 8 shows the 
resulting increase of metabolism and lowering of the respiratory quo- 
tient On November 3 the diet contained 5 300 calories with 483 gm 
fat, and on November 4, 5,268 calories with 482 gm fat On the morn- 
ing of November 5 the patient entered the calorimeter after taking 44 
gm protein, 38 gm carbohydrate and 204 gm fat The metabolism two 
to five hours afterward is shown by Table 8 to average 17 per cent 
above normal Accordingly, the specific dynamic action of food, 
especially of fat, did not differ noticeably from the normal as respects 
its promptness or intensity in this patient, and there was no indication 
of an abnormally high metabolism (“Luxuskonsumption”) on the 
excessive diet The result with this patient under the conditions does 
not warrant a positive conclusion concerning possibilities in more 
severe cases, especially at the height of the diabetic process 

Since the last important discussion of the total metabolism in dia- 
betes by Benedict and Joslin there have been several changes in the 
general point of view of the metabolism of normal controls and of 
diabetics as the result of work presented m previous papers of this 
series In the light of these it has seemed advisable to recalculate the 
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of (luihclcs rt ported iii the litcr.ittirc, and dt'^cu'^e the 

(Iue''Uon m its moei rcccMil a^-ijccte \*. we li.uc ‘’hown, it !<; adM'^able 
to .ibnndon t oiiipari''Ons ni.idc on the basis of cubn. tcntmicters of 
oMfteii per kilo;,'rani and iiiniiUt and use instead the calorics per 
-fpMre meter jier hour Recent work on the nietabolisni at difTercnt 
aties li.is eiiiph.isi/ed the f.nt, fir'-l bioni^ht out clear]) In Maj^nus-Lew 
ami Talk,''- th.it metabolism cli.iiif^es with atje It must be remembered 
tli.it a stud) of the sui f.iee .irea designed jirinianl) to alTord a basis of 
comp.irison between patients and norm.il controls h.is shown that 
-Meeli's lonmil.i is not so .iccur.ite .is the newly denisofl Inic.ir and 
licicjht-wci^ht forniul.is Most import. mt of all li.is been the stud) of 
,i larjjc number of controls In lieiiedict, by Means'- .uid b) the Russell 
“^aqo Institute staff, quini^ ,i norm.d b.isis of comp.irison winch is not 
iiilluenced b) c.iriatioiis th.it mitilit occur m small jjroujis or by sin£rlc 
in\estij:^.itors 

In T.ible 9 ire i^nen the results obtained in a l.iicje number of cases 
of scccrc di.ibetcs ‘since the height-weight formul.i n.is employed as 
a basis of comii.irison, the only c.ises that could be used were those 
where the heij^lit was c:i\en This unfortunately h.is prccciited the 
recalc ukition of the sc\ere eases of Leo,'‘ Kelinii" .iiid Schmolk’ 
Roily,' and some of the c.iscs of Ma"nus-Lc\y" and Mohr"' The 
work of Lcimdorfer’' has not been rcc.ilcul.itcd, since the abnorniallv 
low' (pioticiits make this impossible, nor has the work of Grafe and 
Wolft,^" w'lierc it is clilTicult to reconcile the high respiratory quotients 
and high clcxtrose-mtrogcn r.itios As will be seen, the kirgc majoritc 
of cases w'as furnished by the careful work of Benedict and Joshn 
Foi purposes of comiiarison, columns ha\c been added showing the 
duration of life after the peiiocl of cxjicrimcntation, the Ic\el of the 
nitrogen metabolism, the degree of emaciation, and the estimated 
degree of acidosis If w'c study first the column show'ing the per- 
centage variation from the normal, it w'lll be noted that out of tw'enty- 
six cases thirteen are c.'ithin the normal range of plus or minus 10 
per cent from the average There are nine jiaticnts w'lth an increase 

32 Magnus-Levy, A , and Falk, E Dcr Lungengasw'cchscl des Mcnschcn in 
den verschiedenen Altersstufen, Arch f Physiol , 1899, Suppl , 314 

33 Means, J H Basal Metabolism and Body Surface, Jour Biol Chem , 
1915, XXI, 263 

34 Leo, H Ueber den respiratoi ischcn Stoffwcchsel bei Diabetes inelhtus 
Ztscbr f klin Med , 1891, xix, Suppl , 101 

35 Nehnng, O , and Sclimoll, E Ueber den Einfliiss der Kohlehydrate auf 
den Gaswechsel des Diabetikers, Ztscbr f klin Med , 1897, xxxi, 59 

36 Mohr, L Untersuchnngen uber den Diabetes mellitus, Ztscbr exp Path 

u Ther, 1907, iv, 910 , 

37 Grafe, E, and Wolf, G L Beitrage zur Pathologic iind Therapie der 
schwersten Diabetesfalle, Arch f klin Med , 1912, cvii, 201 
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of from 11 to 23 per cent and these deserve special attention Two 
of these, V and Cyril K , were studied after food, and if the stimulus 
of the recent meal were removed they might have come within normal 
limits One of the subjects, G , was under intense neivous excitement 
during the experiment, and another, I , with a pulse of 120, had been 
described the year before as very nervous This leaves us five cases 
m which there was a moderate but distinct rise m the metabolism, 
namely, Herr Mo , Frau Schm , Frau St , H , and U To these we 
should perhaps addvCyril K at the time of his first experiment, when 
after a breakfast his metabolism was 15 per cent above the normal 
basal To offset these there are four patients whose metabolism ranged 
from 14 to 19 per cent below the average Three of these, N , P and 
Q , were children, and it is quite possible that the normal stimulus of 
the growing organism uas checked by the diabetes The fourth sub- 
ject, Wm G , was extremely emaciated If we take the algebraic mean 
of the 26, we find that the metabolism in severe diabetes averages 3 3 
per cent above the normal, a figure which might be increased to about 
5 per cent by taking into account the fact that the average for the 89 
normal controls of Benedict is 2 per cent lower than the Sage 
standards 

Benedict and Joslin^ found that the average oxygen consumption 
of their diabetics per kilogram and minute was 15 to 20 per cent above 
that of their twenty normal controls Part of this difference was due 
to the fact that at that time few investigators realized the importance 
of the age facto i Part was due to the unusually low metabolism of the 
normal controls In the twenty controls used by Benedict and Joslin 
for comparison with the diabetics, there are seven whose metabolism 
is 10 per cent or more below the average normal described m the pre- 
vious papers of this series It so happens that these seven, A F G , 
T M C, Dr P R, Dr S, H F T, E P C , Mrs S C , are used 
seventeen times in the total column of thirty-two, making the aver- 
age of the column 8 6 per cent below the standard This is 
much greater than the divergence of — 2 per cent found in the 
total of eighty-nme normal controls Their cases with severe diabetes, 
recalculated m terms of the height-weight formula, average only two 
per cent above the Sage normal standard It would appear that the 
metabolism of Benedict and Joslin’s diabetic patients is within normal 
limits, while the large difference between their pathologic and normal 
cases IS due chiefly to the low metabolism of the subjects selected foi 
normal controls It is quite possible that the low metabolism of these 
controls was due to the fact that they were poorly nourished and were 
selected because they resembled diabetics m this respect 
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These figures are comparable to those shoiMi in the present senes of 
diabetic patients after treatment The degree of elevation of metabol- 
ism due to the active diabetic process should be judged by comparison 
of such patients with equally emaciated and cachectic nondiabetics It is 
also now possible to compare the same patient at times when active dia- 
betes IS present or absent, while the body weight and surface remain the 
same Thus Gerald S , with intense diabetes, on November 9 had a 
basal metabolism 8 per cent below normal His fast ended November 
18, and from then until December 7 he recened a diet such that his 

38 ^Recalculated in terms of surface area according to Meeh’s formula, by 
Coleman and Du Bois, The Influence of the High Calory Diet on the Respira- 
tory Exchanges m Typhoid Fever, The Archives Int Med , 1914, xiv, loo 
(Fig* 4) 

39 Magnus-Levy, A Der Einfluss von Krankheiten auf den Energiehaushalt 
in Ruhezustand, Ztschr f klin Med , 1906, lx, 177 
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weight on the latter date was practically identical with that on Novem- 
ber 9 , but the basal metabolism on December 7 was 22 per cent below 
normal at a time when the urine was free from sugar William G 
weighed 43 2 kg on December 1 1 In consequence of feeding high- 
caloric diet, the weight fell to 42 kg by December 22, while the 
metabolism rose from 26 per cent below normal on December 11 to 
11 per cent below normal on December 22 If we study Table 9 it is 
apparent that most of the diabetics with marked emaciation have a 
diminution in metabolism In the children with diabetes and low 
metabolism the percentage loss from the greatest weight is small, but 
with a child that is growing taller even a stationary weight indicates 
emaciation If “normal” adults and children were as emaciated as the 
diabetics, they would undoubtedly show a marked diminution in heat 
production 

Benedict and Joslin have ascribed an increase in diabetes to acidosis 
This is usually associated with an increased protein metabolism, and 
it IS often difficult to separate the two factors It has long been known 
that increased protein metabolism causes an increased heat production 
If we turn to Table 9 we can compare the increased metabolism with 
the degree of acidosis There were nine patients whose metabolism 
was 11 to 23 per cent above the normal Of these two showed marked 
acidosis, namely, Cyril K and the nervous patient G Three others, 
Herr Mo , Frau Schm and U , had severe acidosis Patient H had 
moderate acidosis, while the others, I and V , had little or no acidosis, 
and the patient Frau St , with the highest metabolism of all, had very 
slight acidosis In contrast to this, eight patients with severe or very 
severe acidosis showed a normal or decreased metabolism These are 
B,C,N,P,Q,T, Cyril K (December IS), and Gerald S 

Authors have erroneously attempted a direct comparison between 
dogs depancreatized or phlorhizmized at the height of their strength, 
and human patients who reach the stage of severe diabetes, generally 
after months of a slow cachexia Accurate comparison demands 
equally acute human diabetes, or else the use of dogs with chronic 
diabetes or prolonged cachexia The excessive nitrogen excretion of 
William G and especially of Cyril K (Geyelin and DuBois) is well 
comparable to that of the totally depancreatized dog, and in the latter 
the total metabolism was actually above normal in spite of four weeks 
of rapid wasting followed by five days of complete fasting The 
alleged difference as respects increase of metabolism can therefore no 
longer stand as a distinction between clinical and experimental diabetes 

Theoretically it is to be expected that the metabolism will rise with 
the increase of the protein metabolism which accompanies the noncom- 
bustion of sugar derived from protein in the diabetic condition Since 
the specific dynamic action is less m human beings than in dogs, it may 
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well be that the stiniuliK of ati iiurca'^cd proteui niot.iboh'^m relatncly 
lcfe‘' pionotineed m liuniati tli.ui in cspei niiental cannie diabetes 

Kocapitulatinj^- one ma\ state that the hneai formula fiirmshcs a 
mote aecuiatc standaid of eonipanson than w.is jircMoiisly n\ailablc 
Xceording to tak illation In this fonmila, an increase abo\c the tnic 
normal metabolism is not demonstrable in the majorit\ of patients nilb 
scNCic diabetes Ke\ottheless, the diabetii process ma\ be associated 
with a rcl.ituc elesation of metabolism In occ.isional instances the 
metabolism ma\ aetnallv e\eeed the a\crai;c normal lc\el of metabol- 
ism In all erases the true me tease appears onl\ when one takes into 
consideration otlici factors incidenl.ilh present, some of them tending 
strongh to dcpicss metabolism b'or e\ample. the percentage of 
mcicasc ma} be fully as gre.it .is claimed by Benedict and Joslin, if 
the met.diohsm of di.tbeties is comp.ired with tli.it of other equally 
uiulernoiirishcd subicets, or if the s.une patient is compared at difi’erent 
times when actne diabetes is present or absent In practical applica- 
tion, the results indicate that di.ibetics geiicrall} ha\c no higher food 
requirement th.m norm.d. and on Account of iindcrniitntion and 
lessened miisculai actnitj will tend to maintain equilibrium on a 
smaller numbei of utih^ablc laloriCb than norm.il persons Because 
the diabetic is less actuc, as pointed out In Magtius-I-c\\, his actual 
consumption of energ} as coinjiared with norm.il controls is likely to 
be less After treatment by Listing, e\cn though the patient is gaining 
steadily in stiength and w’cll-bcing, a low lc\cl of metabolism has been 
obsened, the lowest 36 per cent below norm.il, and this indicates that 
a low’^ diet w’lll suffice foi m.untcnancc under these conditions 

SeWMARV \ND CONCLUSION'S 

1 Three patients with sc^cre diabetes and tlnce with moderate or 
mild diabetes have been studied in the lespiration calorimeter The 
effects of the oatmeal treatment and the fasting treatment have been 
followed in detail 

2 No special influence of oatmeal in diabetes oi special readiness 
of oxidation of this form of carbohydrate was demonstrable in these 
experiments The respiratory exchange fails to account for all the 
carbohydrate that disappears The behavior of the rcspiratoiy quo- 
tient showed no important difference on the first day and on the third 
day of the oatmeal treatment 

3 The occurrence of “total” diabetes in human patients, wnth dex- 
trose-nitrogen ratios approximating 3 65 to 1 and corresponding 
respiratory quotients is here shown Notwithstanding the extreme 
severity, neither the sugar excretion nor the gaseous exchange gives 
ground for assuming the formation of sugar from fat in any instance 

4 Even in the severest type of diabetes the active symptoms may 
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be eliminated completely by prolonged fasting The observations m 
the respiration calorimeter prove that patients as a result of the fasting 
acquire the power of oxidizing sugar derived first from their own body 
protein and later from the protein and carbohydrate of a carefully 
regulated diet 

5 The respiratory quotients during fasting and after the glycosuria 
had ceased were m some such instances higher than can be easily 
explained by the oxidation of the materials supposedly available Also 
the ingestion of alcohol was sometimes followed by respiratory quo- 
tients higher than would theoretically be expected The data will be 
analyzed m a subsequent paper 

6 The specific dynamic action of food, especially fat, was appar- 
ently normal in a patient with moderately severe diabetes 

7 The results of two respiration experiments m a severely diabetic 
patient have shown that mild exercise slightly raises the quotient, and 
this suggests the possibility that exercise may improve carbohydrate 
utilization Generalizations or positive conclusions from these experi- 
ments are not attempted 

8 According to comparisons of the surface area as calculated by 
the linear formula, increase of the basal metabolism above the true 
normal level m severe diabetes is generally absent or slight The 
metabolism was shown to fall markedly during fasting, to 20 per cent 
below normal The level of metabolism in diabetes is the resultant of 
a number of forces , for example, increased destruction of protein and 
perhaps other processes tending to increase metabolism, and undernu- 
trition, muscular relaxation (as m prolonged confinement m bed) and 
other possible conditions tending to dimmish metabolism According 
as one or the other of these groups of forces predominate, a higher or 
lower metabolism may be expected in any individual case of diabetes. 
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